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'  I.  Introductory. 

Düring  the  past  twenty  years  numerous  contributions  have  ap- 
peared  at  irregulär  intervals  upon  the  subject  of  hsemolymph  and 
lymphatic  glands.  The  function,  or  functions  of  these  Organs  seem 
however,  until  comparatively  recently,  to  have  been  to  a  great  extern 
misunderstood,  and  are  even  yet  not  duly  appreeiated. 

The  investigation  recorded  in  the  following  pages,  was  commenced 
in  the  hope  of  giving  a  connected  review  of  the  numerous  articles 
on  Tins  subject,  and  of  Clearing  away  some  of  the  difficulties  and  dis- 
crepancies  encountered  by  previous  workers. 

As  the  rat  furnishes  a  ready  and  convenient  source  of  fresh 
materialj  I  have  found  it  advantageous  to  make  a  careful  examination 
of  the  glands  in  this  animal  the  föundation  of  my  work,  extending 
it  to  similar  and  related  Organs  in  other  animals.  In  this  extension, 
which  has  necessarily  been  wide,  the  chief  British  mammals  have 
been  dissected;  the  general  distribution  of  the  structures  has  been 
recorded,  and  histological  observations  have  in  all  cases  been  made, 
By  the  term  "related  organs"  I  signify  such  structures  as  the  spieen, 
accessory  spleens,  ordinary  lymphatic  glands,  and  many  intermediate 
forms.  In  regard  to  the  nomenclature  of  these  intermediate  forms 
considerable  confusion  has  arisen;  in  some  cases  they  have  been  clas- 
sed  in  the  common  category,  "hcemolymph  glands".  In  other  cases 
this  term  has  been  restricted  to  such  typical  blood-red  glands  as  are 
found  in  the  horse,  ox,  or  sheep.  Yet  again  they  have  been  des- 
ignated "hcemal  glands",  or  "hcemal  lymphatic  glands".  So  great 
has  been  this  confusion  that  it  is  desirable  to  carefully  dehne  the 
different  structures,  and  to  make  an  attempt  to  fix  a  terminology 
which  shall  distinguish  the  various  forms  of  glands. 

As  will  be  found  from  a  perusal  of  the  following  pages.  the 
glands  may  be  divided  into  three  classes,  which  are  named,  under  the 
terminology  proposed,  according  to  the  character  of  the  fluid  Spaces 
found  within  them.  In  the  first  instance  we  may  retain  the  term 
"hcemolymph",  which  was  originally  used  by  Lankester  as  a  general 
term  to  include  the  red  and  white  corpuscles  of  the  blood;  it  sei  ins 
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desirable  to  employ  this  term  Eor  blood-lymph  structures  generally, 
so  that  ander  the  heading  will  fall  all  such  organs  as  spieen,  accessory 
apieens,  osemal  glands,  haanal  lymphatic  glands,  and  lymphatic  glands. 

The  statenient  has  beea  made  by  Weidenreich  [iSa]  that  the 
spieen  has  no  lymphatic  snpply;  1  am  able  to  confirm  him  to  this 
extent,  that  no  purely  lymphatic  sinuses  have  been  found  in  this 
organ.  1.  To  the  spieen  and  to  all  other  organs  of  the  hsemolymph 
series  which  are  ivithout  these  lymphatic  sinuses,  the  name  "hcemal 
gland"  will  be  applied,  to  signify  that  the  fluid  Spaces  found  within 
them  contain  blood  only.  2.  Ordinary  "lymphatic  glands11  are  so  cal- 
led  because  their  sinuses  contain  lymph  only.  3.  To  intermediate 
structures,  such  as  the  "Compound  glands"  found  in  the  dog  and  cat, 
which  contain  a  mixture  of  blood  and  lymph  in  their  sinuses,  the 
term  "hcemal  lymphatic  gland1'  will  be  applied.  These  three  varieties 
of  glands  will  be  referred  to  in  the  following  article  by  the  terms  al- 
ready  mentioned1):  but  it  may  be  well  to  point  out  at  this  stage  that 
the  nomenclature  must  not  be  too  rigorously  applied,  as  all  inter- 
mediate forms  are  met  with  between  the  three  types,  in  various  animals: 
thus  a  gland  may  contain  sinuses  in  which  is  seen  abundance  of  blood, 
while  the  lymph  is  scanty;  or  there  may  be  sinuses  which  contain  a 
considerable  amount  of  lymph,  while  the  blood  is  inconspicuous. 
A  complete  series  of  organs  thus  exists,  with  the  typical  hsemal  gland 
at  one  extremity.  and  the  ordinary  lymphatic  gland  at  the  other. 

In  using  the  words  blood,  or  lymph  sinuses,  I  wish  to  carefully 
avoid  reference  to  the  minute  bloodvessels  or  lymphatic  ducts,  which 
may  pervade  the  tissue  of  lymphatic  or  hsemal  gland  respectively. 
The  terminology  is  entirely  based  upon  the  contents  of  the  larger 
Spaces  which  may  be  more  properly  designated  "sinuses11. 

The  present  investigation  was  suggested  to  me  by  Mr.  Swale 
Vincent,  Lecturer  in  Histology  at  University  College,  Cardiff,  and  I 
take  this  opportunity  of  thanking  him  for  the  generous  advice  he  has 
given  me  on  many  points. 

')  For  the  sake  of  convcnience  in  the  ensuing  paragraphs  I  shall  refer  to 
typical  blood  red  glands  as  hjemal  glands,  without  including  the  spieen  under 
this  term. 

1* 


4 


Th.  Lewis, 


II.  Historical. 

It  is  a  curious  fact  that  two  series  of  observers,  the  one  English 
and  the  other  German,  have  been  independently  at  work  for  many 
years  upon  subjects  with  a  direct  beariiig  on  the  present  one,  yet 
they  seem  to  have  been  eacli  unaware  of  the  work  of  the  other.1) 
As  there  is  no  mention  in  their  accounts  of  the  "hcemolymph  glands11 
by  name,  or  indeed  any  reference  to  the  striking  appearance,  even  to 
be  naked  eye,  of  the  true  "haimal  glands1',  it  seems  probable  that 
the  German  writers  have  to  a  great  extent  worked  at  structures, 
which  they  wonld  include  under  tlie  general  name  "lymphatic  glands". 

The  first  English  communication  on  the  subject  of  bloodlymph 
glands  was  that  of  Heneage  Gibbs  [5  a],  as  early  as  1884.  This  was 
a  short  note  on  the  histology  of  the  structures  found  in  the  region 
of  the  renal  artery  and  vein  in  man.  Gibbs  was  of  opinion  that 
certain  glands  found  in  this  Situation,  though  closely  resembling  lym- 
phatic glands,  differ  from  the  latter  in  that  the  lymph  stream  is 
replaced  by  blood. 

In  November  1890,  Robertson  [12]  described  the  glands  in  more 
detail,  dealing  particularly  with  those  found  in  the  sheep,  in  which  he 
estrmated  their  number  at  from  three  to  four  hundred.  Amongst  the 
details  of  structure  he  observed  elastic  and  involuntary  muscle  flbres 
in  the  adenoid  tdssue.  The  cells  to  which  he  attached  most  importance 
were  nucleated  cells,  resembling  red  corpuscles,  which  underwent  nuclear 
di vision,  until  they  became  giant  cells  containing  as  many  as  seven 
or  eight  nuclei.  He  asserted  that  these  nuclei  gradually  lose  their 
affinity  for  logwood  and  become  stainable  with  eosin;  and  suggested 
that  they  might  be  freed  as  erythrocytes.  In  bis  conclusions,  he  stated 
that  he  considered  the  glands  to  have  an  important  function  in  con- 
nection  with  the  life  history  of  the  blood  corpuscles.  Gibbs'  com- 
munication [5b]  in  1893  was  simply  a  note  recognizing  the  work  of 
the  last  author,  and  confirming  his  own  previous  observations. 

>)  A  preliminary  notice  by  Weiclenreich  [19b]  has  not  long  since  eome  to 
band,  which  appears  to  be  the  first  German  paper  referring  to  the  English  liter- 
ature. 
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Clarksons  paper  [flf,  which  appeared  in  1891,  gave  a  further 
detailed  description.    The  animals  he  examined  were  the  sheep, 
borse,  and  pig,  in  which  the  glands  were  found,  while  in  the  camel, 
leopard,  dog,  cat,  rabbit  and  rat  he  was  unsuccessful  in  Iiis  search 
ior  them.    He  seems  to  have  sought  in  the  renal  region  only,  though 
he  suggested  that  possibly  they  might  be  discovered  in  other  regions 
in  the  case  of  the  sheep.    It  is  indeed  surprising  he  should  have 
werlooked  the  very  nnmerous  and  conspicuous  glands  already  described 
by  Robertson  in  this  animal  in  the  subvertebral  region,  and  that  those 
present  in  the  dog,  cat  and  rat  should  have  escaped  Iiis  notice.  His 
examination  of  the  camel  and  leopard  probably  gave  negative  results, 
because  he  restricted  Iiis  search  to  a  limited  region.    He  laid  stress 
on  the  presence  of  certain  large  cells,  since  called  phagocytes,  which 
he  considered,  from  the  examination  of  cover  glass  preparations,  con- 
tained  in  many  cases  red  blood  corpnscles  in  the  process  of  formation. 
Eis  conclusion  that  hsemolymph  glands  have  the  important  function 
of  elaborating  erythrocytes,  was  apparently  based  lipon  the  appearance 
of  a  Single  phagocyte  in  a  preparation  of  this  character,  which  in  Iiis 
opinion  was  extruding  a  blood  corpuscle;  and  also  from  the  fact  that 
globules,  resembling  erythrocytes  of  the  sinus,  were  to  be  seen  weithin 
the  giant  cells.    He  noted  the  presence  of  golden  yellow  pigment  in 
bis  sections,  but  did  not  grasp  its  significance;  Iiis  article  concluded 
with  a  comparison  öf  the  general  structure  and  arrangenient  of  the 
lymphoid  tissue  of  lisemal  glands  with  that  of  the  spieen. 

The  contribution  of  Vincent  and  Harrison  [16]  furnished  a  general 
and  detailed  account  of  hsemolymph  glands  in  the  ox,  sheep,  rat,  dog 
and  fowl,  with  a  note  on  those  in  man.  They  were  the  fest  of  the 
English  writers  to  advance  the  view,  that  these  glands  are  connected 
with  blood  destruction,  coisidering  the  process  to  be  similar-to  thal 
described  by  Kölliker  [9b]  in  the  spieen.  They  described  also  the 
general  appearance  of  the,  Compound  glands  in  the  dog,  now  fcaown 
aa  "hamial  tymphaüc"  glands;  and  Vincent  [17b]  subse<iuently  noted 
similar  glands  in  the  cat.  Vincent  and  Harrison  were.  Eurther  of  the 
opinion  that  these  glands,  namely  "hamolymph  glands"  are  modified 
lymphatic  glands  and  probably  developed  from  them;  also  that  they 
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form,  with  the  spieen  on  the  one  hand  and  ordinary  lymphatic  glands 
011  the  otlier,  almost  a  cpntinuous  series. 

In  January  1900,  Drummond  [4]  contributed  an  artiele  in  which 
he  confirmed  the  chief  points  of  interest  in  the  work  of  Vincent  and 
Harrison,  though  he  advanced  but  few  new  faets.  He  diifered  from 
the  last  observers  in  considering  that  the  glands  are  not  developed 
from  ordinary  lymphatic  glands,  and  described  somewhat  more  in  detail 
the  varieties  of  cells  found  in  the  "hcemolymjjh  glands".  In  addition 
he  gave  an  account  of  the  blood  supply  of  the  organs,  throwing  out 
a  strong  Suggestion  that  the  function  of  blood  destruction  may  be 
cyclic. 

The  latest  papers  are  three  articles  published  by  Warthin  [18  a, 
b,  c],  in  American  joumals.  He  divides  the  glands  into  two  varieties, 
which  he  terms  " splenolymph"  and  "marroivlymph",  attributing  the 
functions  of  blood  destruction  and  blood  formation  respectively  to  these 
varieties.  The  marrowlymph  glands  are  said  to  occur  in  the  retro- 
peritoneal  region  only,  and  are  possibly  pathological.  In  Iiis  last  publi- 
cation  [18c],  he  disctisses  the  iwo  varieties  at  more  length.  Warthin's 
work  upon  splenolymph  glands  is  to  a  large  extent  confirmatory  of 
previous  observers,  though  with  the  important  distinction  that  he  has 
worked  upon  the  human  subject.  In  Iiis  latest  contribution  he  also 
states,  that  he  considers  the  reticulum  of  the  sinuses  is  lined  by  flat- 
tened  cells,  fonning  two  layers,  between  which  larger  cells  (phagocytes) 
occur;  so  that  the  blood  stream  is  not  in  actual  contact  with  the 
reticulum  fibres. 

The  German  writers  have  apparently  occupied  themselves  for  the 
most  part  with  the  lymphatic  glands  of  certain  monkeys,  al though 
Leydig  [10]  seems  to  have  the  credit  of  being  the  first  to  describe 
bloodlymph  glands,  which  he  did  as  far  back  as  1857. 

In  1889,  Hoyer  [7]  described  the  process  of  phagocytosis  in 
lymphatic  glands. 

Later  Schumacher  [14&,  b]  contributed  an  artiele,  in  which  he 
described  certain  appearances  in  the  "Lymphdrüsen"  of  Macasus  rhesus. 
Amongst  his  other  observations  he  noticed  the  lymphatic  "germ  centres", 
and  considered  that^  some  of  these  may  be  also  situations  in  which 
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degeneration  occurs,  as  he  occasionally  finds  in  them  homogenous 
pigmented  masses.  The  chief  idea  in  his  paper  was  based  on  the  belief 
that  the  so  called  reticulum  consists  of  branched  cells,  except  inside 
fche  lymphoiä  nodales,  and  that  these  cells  are  oapable  of  asgiuning 
phagocytie  fiinctions.    In  some  places,  near  the  capsule,  Schumacher 
aotieed  these  cells  crowded  together  to  form  a  dense  mass,  "Zwüxhen- 
geivebe",  completely  occluding  the  sinus  at  these  points,  and  so  crushed 
together  as  to  have  the  appearance  of  solid  rods  of  tissue.   In  these 
accumulations  he  frequently  observed  the  process  of  karyokinetic  divi- 
sion,  the  whole  mass  forming  apparently  the  source  of  the  phagocytes 
to  the  lest  of  the  sinuses.  Enclosed  in  the  phagocytes  he  noticed  not 
only  erythrocytes,  but  occasionally,  cells  which  he  considered  to  be 
leueocytes,  and  in  addition  a  certain  number  of  rod  shaped  struetures, 
staining  red  with  eosin.    He  also  gave  an  aecount  of  the  cyclic 
funetion  of  the  glands,  which  fnnetion  he  divides  into  three  stages. 
In  his  second  paper  [i4b]  was  given  a  more  acenrate  aecount  of  blood 
destruetion;  he  has  observed  amoeboid  movements  of  phagocytes  on 
the  warm  stage,  but,  no  actual  phagocytosis. 

In  1898,  Thome  [15]  published  a  paper  in  which  he  advanced 
the  view  that  phagocytes  have  their  origin  in  the  endothelium  cells 
lining  the  capillaries  of  the  "Lymphdrüsen"  of  certain  monkeys,  and 
stated  that  the  smaller  bloodvessels  of  the  lymphatic  tissue  are  lined 
by  a.tall,  almost  cylindrical  endothelium.  This  statement  I  have  been 
unable  to  confirm,  but  it  is  in  aecordance  with  the  view  of  Böhm 
and  Davidoff  [2]  in  their  aecount  of  the  spieen. 

Weidenreich's  first  paper  [19  a]  was,  as  he  stated,  not  based  on 
personal  Observation  as  far  as  the  bloodlymph  glands  were  concerued. 
bat  in  his  second  communication  [19h\  he  makes  some  interesting 
Statements  of  which  the  foBowing  are  of  the  most  important.  He 
believes  that  the  well  known  eosinophile  leueocyte  of  the  "blood  is 
possessed  of  its  eosinophile  granules,  on  aecount  of  its  having  taken 
ap,  while  in  a  bloodlymph  gland,  particles  of  disintegrated  erythro- 
cytes; also  that  such  leueocytes  may  be  devoured  by  a  giant  cell. 
Ee  thus  Supports  a  theory  of  direct  and  indirect  phagocytosis.  The 
remainder  of  bis  work  is  Cor  the  mosl  part  confirmatory  of  Schumacher, 
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more  particulary  in  regard  to  tlie  origin  of  phagocytes.  He  is  persuaded- 
that  the  endothelial  lining  of  tlie  sinuses  exists  only  in  places,  and 
that  the  blood  in  consequence  passes  into  spaces  which  are  without  . 
a  definite  or  continous  cellular  lining.  In  his  paper  on  the  structure 
of  the  spieen,  [19&]  he  denies  the  presence  of  lymphatic  vessels  either 
afferent  or  efferent,  both  in  the  spieen  and  in  the  so  called  "hsemo- 
lymph  glands". 

III.  Anatomy  and  naked  eye  appearances  in  Vertebrata. 

A.  Mammalia. 
1.  Primates. 

In  man,  htemal  glands  have  been  described  by  several  observers. 
Heneage  Gibbs1)  fonnd  them  in  the  human  snbject  in  the  neighbour- 
hood  of  the  renal  artery  and  vein,  and  pnblished  a  short  account  of 
fcheir  getferäl  appearance  and  histblogy.  In  1890  they  were  further 
described  by  Robertson2),  and  later  by  Vincent  [16]  in  a  boy  aged 
nine  years  as  occurring  in  the  mesentery  in  considerable  numbers. 
A  Ml  description.  both  general  and  histological  is  to  be  found  in  the 
recent  papers  of  Warthin  already  referred  to.  He  finds  them  in  the 
prevertebral  retroperitoneal  region  and  in  the  neighbourhood  of  the 
adrenal  and  renal  vessels,  also  along  the  brim  of  the  pelvis.  in  the 
root  of  the  mesentery.  rarely  extending  into  the  latter  for  any  distance. 
Others  are  observed  in  the  neck,  and  a  few  rarely  met  with  in  the 
Omentum  and  appendices  epiploicae.  Tins  description,  as  well  as  his 
account  of  the  minute  anatomy,  corresponds  very  closely  to  that  of 
other  observers  in  lower  mammals,  with  the  exception  of  the  mention 
of  "marrotvlymph"  glands,  the  occurrence  of  which  has  as  yet  not 
been  confirmed.8)  He  mentions  four  investigators,  Eindfleisch,  Weigert, 
Neumann  and  Orth,  though  without  reference,  as  having  noticed 
hyperaemic  or  hsemorrhagic  lymphatic  glands. 

Sa%kow  [13]  finds  the  glands  present  in  91°/0  of  cases,  in  an 
examination  of  60  bodies. 

')  Loc.  cit.    2)  Loc.  cit. 

3)  It  is  possible  that  these  glands  are  forms  of  accessory  spleens,  for  large 
mnltinuclear  cells  are  frequently  found  in  these  organs. 
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In  an  examinatiou  of  a  post  mortem  subject,  I  have  foimd  the 
glands  in  large  numbers.    In  the  ehest  many  glands  were  seen  in  the 
Fooi  of  the  lnngs,  in  dose  proximity  to  the  bronchi  and  bronchial 
\ressels,  Eor  the  most  part  posterior  to  them,  and  lined  on  the  one  side 
by  pleura.    A  few  were  discovered  in  the  prevertebral  region,  between 
the  vertebrae  and  the  aorta  and  Oesophagus,  losely  embedded  in  fat 
or  areolar  tissue.   In  the  abdomen  the  glands  were  even  more  nume- 
rous,  occurring  in  the  prevertebral  retroperitoneal  region  behind  the 
aorta  and  vena  cava,  forming  a  broken  chain  extending  from  the 
diaphragm,  in  front  of  the  last  dorsal  the  lumbar  and  upper  two  or 
three  sacral  vertebrae,  into  the  pelvis.  These  chains  of  glands  usually 
follow  a  large  artery  or  its  branches;  tlms  the  iliac  arteries,  both 
external  and  internal,  are  aecompanied  by  such  irregulär  chains  of 
glands,  which  in  the  case  of  the  internal  extend  well  into  the 
pelvis  and  are  related  to  the  side  walls  of  the  bladder  and  rectum. 
The  Coeliac  axis  and  all  its  branches  likewise  have  glands  in  relation 
to  them.  •  A  chain  of  glands  was  f ound  along  the  lesser  curvature  of 
the  stomach,  aecompanying  the  coronary  artery  and  pyloric  branch  of 
the  hepatic.    A  more  incomplete  chain,  consisting  in  fact  of  but  a 
few  small  inconspieuous  glands  of  pinkish  colour,  existed  along  the 
greater  curvature  upon  the  course  of  the  epiploic  arteries.    A  few 
were  seen  in  the  neighbourhood  of  the  duodenum,  or  more  correctly 
in  the  -root  of  the  transverse  mesocolon.    In  the  mesentery  of  the 
jejunum  and  ileum  a  conspieuous  chain  was  found  at  a  distance  of 
one  inch  from  tlie  gut.    The  superior  mesenteric  artery  sends  off  its 
rami  intestini  tenuis,  and  these  anastomose  to  form  a  series  of  arterial 
arcades,  the  branches  from  these  anastomose  and  again  form  with  each 
other  a  new  series  of  arcades,  and  so  on.  The  glands  of  the  intestine 
were  found  between  the  branches  from  the  last  series  of  arches.  In 
the  mesocolon  the  arrangement  was  very  similar,  though  the  glands  were 
even  more  numerous.    Many  of  the  struetures  were  found  behind  the 
ascending  and  descending  colon  and  caecum,  which  was  in  tliis  case 
slung  by  a  considerable  mesentery.  The  glands  in  the  transverse  meso- 
colon were  most  conspieuous.   A  üew  small  glands  were  also  seen  in  the 
aeighbourhood  of  the  renal  vessels,  lying  chiefly  posterior  to  them. 
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In  the  Monhey,  (Macaous  rhesus).  I  liave  found  numerous  glands 
in  the  axilla  and  groin.  Several  large  bodies  also  were  seen  in  the 
neighbourhood  of  the  termination  of  the  common  carotids.  In  the 
abdomen  they  occnrred  in  the  mesentery  and  transverse  mesocolon, 
in  bands  */«  inch  from  the  £ut'  lmvill8'  a  similar  arrangement  to  thöse 
in  man.  A  small  gland  was  found  under  the  left  kidney.  A  few  were 
scattered  in  the  subvertebral  region,  embedded  in  fat,  otliers  in  the 
pelvis  in  relation  to  the  bladder.1) 

2.  Ungulata. 

In  the  sheep,  (Ovis  aries).  The  estimate  of  Robertson,  that  the 
number  of  glands,  occurring  in  a  Single  sheep,  amounts  to  as  mueh 
as  three  or  four  lnuidred,  is  probably  not  far  wide  of  the  mark. 
The  glands,  which  are  chiefly  of  the  typical  haemal  variety  are 
spherical  in  shape,  and  not  much  larger  than  peas,  though  most 
of  them  are  considerably  smaller.  They  appear  as  small  sacs  of 
blood,  which  may  have  an  arterial  or  venouS  colour,  according  to 
the  time  which  they  have  been  exposed:  they  are  easily  ruptured, 
the  contents  pouring  out  as  a  bloody  fluid,  which  on  examination 
shows  the  presence  of  the  usual  elements  found  in  the  sinus.  These 
haemal  glands  occur  along  the  whole  length  of  the  subvertebral 
region.  extending  into  the  pelvis,  and  following  as  a  general  rule  the 
course  of  the  abdominal  vessels  and  their  branches.  In  the  region 
directly  over  the  bifurcation  of  the  aorta,  a  remarkable  group  of  these 
bodies2),  sometimes  as  many  as  sixty  to  eighty  in  number,  occurs;  the 
glands  are  crowded  together  into  a  small  area,  and  mixed  with  them 
are  lymphatic  glands  and  intermediate  forms,  with  frequently  brown 
coloured  glands  of  various  depths  of  tint.  Occasionally  a  collapsed 
body,  having  otherwise  the  same  general  appearances,  is  met  with. 
Other  typical  glands  are  found  in  different  situations,  particularly  in 
the  fat  around  the  kidney  and  its  vessels,  also  in  the  mesentery  and 

J)  In  Cynocephalus  ßabouin,  a  Baboon  recently  examined,  numerous  typical 
hcemal  glands  were  found  in  the  axilla  and  groin,  and  in  the  abdomen  and  thorax, 
following  the  course  of  the  large  bloodvessels,  more  particularly  the  aorta  and 
common  iliacs. 

In  a  ram  recently  examined,  this  group  was  found  to  be  absent. 
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in  the  mediastina.  As  a  general  rule  they  are  found  on  the  course 
of  the  bloodvessels,  with  which  they  are  often  closely  associated,  and 
from  which  they  draw  their  blood  supply. 

In  the  ox,  (Bos  taurus),  the  distribution  of  the  glands,  many  of 
which  are  hsemal,  is  as  follows.  They  are  found  in  eonsiderable 
numbers  in  the  subvertebral  fascia,  along  the  course  of  the  ab- 
dominal aorta  and  corresponding  veiu,  lying  in  front,  behind,  and 
on  both  sides  of  it.  Many  of  the  organs  are  met  with  around  the 
renal  veins,  deeply  embedded  in  the  perinephritic  fat.  In  the  pelvis 
they  are  also  found,  accompanying  the  branches  of  the  iliac  vessels, 
and  a  few  have  been  observed  of  the  hsemal  lymphatic  type  in  the 
groin  and  embedded  in  the  muscles  of  the  thigh.  In  the  cow  they 
occur  at  the  base  of  the  udder  and  after  removal  of  that  organ  are 
exposed  as  a  large  mass  consisting  of  numerous  dark  glands  in  close 
contact.  In  the  steer  this  mass  is  replaced  by  two  large  glands  of  in- 
termediate  form.  As  to  the  general  nature  of  the  haemolymph  glands 
in  the  ox.  they  are  probably  chiefly  of  the  hsemal  lymphatic  type, 
though  a  number  of  the  true  hsemal  glands  are  also  found.  Some  of 
the  former  may  be  as  much  as  9  or  10  cms  in  length  and  5  or  6  cms 
in  breadth:  many  brown  glands  and  intermediate  forms  occur.  The 
last  are  chiefly  found  in  the  neck  and  in  the  mesentery,  where  they 
form  a  very  constant  belt,  9  or  10  cms  wicle,  extending  parallel  to 
the  gut,  though  at  some  little  distance  from  it.  In  form  the  larger 
glands  are  never  spherical,  being  occasionally  oval,  though  usually 
very  irregulär.  As  a  whole  they  are  known  to  butchers  as  "Jcernels", 
and  their  position  is  so  very  constant  that  in  many  cases  they  are 
valuable  landmarks. 

In  the  horse,  (Equus  cabaüus),  typical  hsemal  glands  occur  in  con- 
siderable  numbers  around  the  renal  vessels  and  in  the  neighbonring 
adipose  tissue.  They  run  to  a  length  of  from  2  to  3  cms  and  are 
the  tragest  I  have  yet  seen  in  any  animal.  They  are  chiefly  irre- 
gulär in  shape,  some  are  oval  and  a  few  spherical.  In  addition,  there 
are  a  few  scattered  hsemal  glands  in  the  subvertebral  retroperrtoneal 
region,  cliiefly  behind  the  aorta,  and  a  few  very  typical  glands  on 
the  wall  of  the  bladder  and  pelvis.  The  total  number  of  these  bodies 
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is  approximately  fifty  to  sixty.  Hsßmal  lymphatic  glands  or  inter- 
mediate  forms  are  exceedingly  numerous,  occurring  in  the  axilla, 
groin,  subvertebral  region,  roots  of  the  lungs,  and  mesentery. 

In  the  pig  (Sus  domesticus),  hsemal  glands  are  to  be  found  in 
many  cases  in  the  subvertebral  region,  and  in  the  fat  around  the 
stomach. 

5.  Carnivora. 

In  the  dog,  (Ganis  famüiaris),  the  general  distribntion  is  very  ty- 
pieaJ  of  that  which  obtains  in  several  other  animals  to  be  presently 
described.  The  glands  are  of  the  hsemal  lymphatic  variety,  nor  have 
any  hsemal  glands  yet  been  found  in  this  mammal.  On  raising  the 
kidney  a  large  gland  is  often  disclosed  in  close  contact  with  the 
thoracic  duct,  embedded  in  perinephritic  fat.  It  is  usually  the  most 
fcypical  found  in  the  body.  In  addition  there  offen  exists  a  large 
"splenic  group''  of  glands,  situated  on  the  splenic  vessels,  an,d  easily 
exposed  by  drawing  the  stomach  over  to  the  right  side.  Other  glands 
frequently  occur  in  the  subvertebral  region,  extending  into  tlie  pelvis, 
lying  also  beneath  the  aorta  and  iliac  vessels.  A  few  more,  closely 
resembling  ordinary  lymphatic  glands,  are  seen  in  the  neck.  These 
bodies  are  all  of  a  yellowish  colour,  irregidarly  blotched  in  places 
with  red.  They  are  very  irregulär  in  shape,  and  are  often  closely 
adherent  to  surrounding  fat:  they  vary  in  length  from  \/2— 2  cms. 
Dissections  have  been  niade  of  the  vascular  and  nervous  supply,  which 
closely  resemble  the  same  Systems  in  the  rat,  under  the  heading  of 
which  it  is  intended  to  describe  them.  The  lymphatic  supply  of  these 
hsemal  lymphatic  glands  is  very  striking;  the  vessels  appear  as  transparent 
thin  walled  tubes  often  measuring  as  much  as  8/4—  1  mm  in  diameter, 
and  consequently  may  be  found  without  difficulty.  As  their  arrangement 
has  been  more  thoroughly  worked  out  in  the  cat,  in  which  they  are 
practically  identical  with  those  under  consideration,  they  will  be  des- 
cribed in  that  connection.  I  wish  to  lay  stress  upon  the  general 
arrangement  in  the  dog,  as  it  is  not  only  typical  of  the  Carnivora, 
but  also  of  many  rodents. 

In  the  cat,  (Felis  domestica),  the  arrangement  is  almost  identical 
with  that  already  detailed  in  the  dog.    The  glands,  which  are  all 
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of  the  haemal  lymphatic  rariety,  occur  constantly  in  the  renal  region, 
one  on  either  siele  of  the  bocly,  and  often  in  contact  with  the  thoracic 
duet.  The  aplenic  group  is  not  so  oonstant  as  in  the  dog,  but  a  good 
many  glands  are  as  a  rule  to  be  found  in  the  subvertebral  region  and 
in  the  mesentery. 

After  feeding  a  cat  for  some  tinie  upon  milk,  the  animal  was 
killed  and  quickry  opened.  The  lymphatic  duets  were  filled  with  chyle, 
and  were  easily  traceable,  on  aecomvt  of  the  natural  white  injection 
contained  in  them.  The  hsemal  lymphatic  glands  of  the  mesentery 
were  found  to  have  a  large  supply  of  afferent  lymphatic  vessels,  piercing 
the  capsule  at  irregulär  intervals.  As  a  rule,  one  large  efferent  vessel 
proeeeds  from  the  gland  in  the  direction  of  the  thoracic  duet. 

In  the  ferret.  (Putorius  furo.)  It  is  only  necessary  to  State  that 
the  glands  occurring.  in  the  ferret  are  all  hseinal  lymphatic  glands, 
that  they  are  abundant,  and  have  much  the  same  arrangement  as  in 
the  dog  and  cat.   The  lymphatic  supply  is  also  very  conspieuous. 

In  the  stoat  {Putorius  erminea)  and  the  weasel  (Putorius  vul- 
garis). The  haemal  lymphatic  glands  of  these  animals  show  a  similar  di- 
stribution  to  those  of  the  ferret,  but  are  as  a  rule,  not  so  numerous. 

4.  Rodentia. 

In  the  rat.  In  addition  to  the  common  hrown  rat  {Mus  decumanus) 
other  species  have  been  dissected,  including  the  Hack  rat  {Mus  rattus), . 
several  varieties  of  tarne  rats  (Mus  alexandria)  and  albinos.  As  I 
have  made  a  particular  study  of  the  position  of  the  glands  in  these 
animals,  a  rather  extended  aecount  of  their  general  distribution  is 
necessary.  It  cannot  fail  to  strike  the  observer,  after  the  examination 
of  a  number  of  these  rodents,  that  the  haemolymph  glands  found  in 
them,  show  a  remarkable  constancy  in  position  and  in  number.  The 
arrangement  in  over  forty  rats  examined  has  been  observed  as  practi- 
cally  identical  in  all.  On  raising  the  kidney  and  carefully  tearing 
away  the  loose  fatty  tissue  posterior  to  it,  one  of  the  glands  is  seen 
lying  in  the  deeply  pigmented  fat  directly  anterior  to  the  renal  vessels: 
occasionally  two  of  the  organs  in  close  proximity  occur  in  the  place 
of  a  single  larger  one;  and  in  many  cases  one  or  more  similar  bodies 
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are  observed  further  towards  the  anterior  end  of  the  kidney  than 
the  last. 

These  glands  may  be  considered  of  the  hsemal  type,  though  a 
complete  peripheral  sinus  is  rarely  present;  they  are  as  a  general  rule 
flattened  oval  bodies,  varying  from  1j9— 4  mm  in  length,  and  about 
half  that  breadth.  Their  colour  varies  very  considerably,  but  in  the 
renal  region  they  usually  contain  more  blood  or  pigment  than  in  other 
sitnations.  Sometimes  they  have  assumed  a  bright  red  colouration,  in 
other  cases  they  are  brown,  occasionally  they  may  be  pink  or  light 
brown,  and  still  more  seldom  mottled  red  and  brown.  The  colour  is 
usually  confined  to  one  surface  of  the  organ. 

In  further  references  to  this  group  I  shall  use  the  term  "renal 
group1'  (pl.  L  hg.  7  r.g). 

Another  large  and  exceedingly  constant  group  of  glands  is  found 
in  the  fold  of  Peritoneum  slinging  the  spieen  and  stomach.  These 
(pl.  I.  fig.  7  s.g)  occur  on  the  course  of  the  splenic  vessels.  They 
vary  in  number  from  3  to  10,  and  are  most  numerous  in  the  common 
brown  rat,  Jt  is  often  quite  impossible  to  distinguish  these  glands, 
which  I  shall  in  Mure  refer  to  as  the  "splenic  group",  from  ordinary 
lymphatic  glands  by  naked  eye  Observation  (so  much  do  they  resemble 
them);  for  they  are  occasionally  quite  white  or  yeliowish,  though 
usually  blotched  with  red  (fig.  7  s.g),  the  blotches  indicating  the  Po- 
sition of  the  "peripheral  sinuses",  occurring  within  them.  In  many 
cases  a  red  zone  is  seen  encircling  the  gland  peripherally;  in  rare 
cases  they  are  a  füll  blood  red;  yet  others  are  tinged  brown  of  various 
depths.  Though  usually  spherical,  one  or  more  may  be  lenticular; 
their  diameter  varies  from  x/8 — 3  mm. 

This  description  applies  more  particularly  to  albino  rats,  and  tarne 
rats  generally;  in  the  wild  rat  they  are  always  more  numerous,  and 
contain  more  blood  or  pigment.  In  the  wild  rat,  too,  a  few  black 
glands,  which  are  lobulated,  occur  dorsal  to  the  stomach,  and  other- 
wise  have  the  general  appearances  of  ordinary  lymphatic  glands. 

The  opinion  has  been  already  expressed  that  the  glands,  of  the 
animal  under  consideration,  are  of  the  hsemal  variety,  as  I  have  been 
unable  to  trace  any  lymphatic  vessels  to  them,  nor  are  lymph  corpuscles 
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present  in  auy  numbers  in  the  sinuses.  There  is  nevertheless  some- 
thing  in  the  general  arrangement  of  Lymphoid  tissue  and  sinus  in  these 
Organs,  which  is  not  found  in  the  typical  glands  of  the  ox  and  sheep. 
Vinceni  and  Karrison  classed  them  with  the  Compound  glands  in  the 
dog.  The  general  arrangement  of  the  tissnes  is  certainly  similar,  hnt 
they  are  by  no  means  of  the  same  variety. 

In  the  mouse.  Several  individnals  of  the  species  of  common  house 
mouse  (Mus  domesticus)  have  heen  dissected.  In  these  the  arrangement 
is  so  similar  to  that,  which  ohtains  in  the  rat,  as  to  need  no  special 
description.  The  glands  are  less  numerous  and  are  less  vascular  than 
in  the  latter. 

In  the  rabbit.  (Lepus  cuniculus.)  Htemolymph  glands  are  only  oc- 
l  asionally  met  with  in  this  animal.  When  they  do  occur  they 
are  pinkish  or  brown  in  colour,  and  are  small  and  inconspieuous, 
resembling  both  in  colour  and  size  those  of  the  "splenic  group"  in 
the  rat  They  occur  most  frequently  in  the  subvertebral  region,  and 
in  those  situations  where  lymphatic  glands  are  usually  found. 

In  the  guinea  pig,  (Cavia  cobaya),  splenic  and  renal  groups  are 
found  fairly  constantly.  The  glands  forming  these  groups  are  of  irre- 
gulär form,  and  to  naked  eye  inspection  resemble  those  of  the  dog. 
1  have  however  been  unable  to  trace  lymphatic  vessels  to  them  and  am 
doubtful  as  to  whether  they  may  be  classed  with  the  splenic  group  of 
glands  in  the  rat,  or  the  hsemal  lymphatic  glands  of  the  dog,  though  I 
am  more  inclined  to  consider  them  of  the  same  variety  as  the  former. 

In  the  squirrel  (Sciurius  vulgaris),  the  arrangement  is  very  similar 
to  that  in  the  rat.  The  same  may  be  said  of  the  water  vole  (Arvi- 
cola  amphibius)  and  short  tailed  field  mouse  (Arvicola  agrestis). 

5.  InsecUvora. 

Ai  present  the  only  individnal  examined  has  been  the  mole  {Talpa 
europeea).1)  The  glands  were  found  in  the  renal  and  splenic  regions. 
and  from  naked  eye  appearanees  seemed  to  be  of  the  hsemal  type. 


')  The  glands  have  since  been  fonnd  in  the  Hedgehog  (Evinaceus  Europ;eus). 
They  were  seen  in  the  renal  and  splenic  positions.  In  ncither  have  they  been 
microscopically  examined. 
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B.  Aves. 

Our  present  knowledge  of  the  distribution  of  hsemolymph  glands 
in  birds  is  not  abundant.  Vincent  and  Harrison1)  have  seen  them  in 
the  fowl  and  turlceg  (Oalhis  barikiva  and  Mekagris  gaUopavo),  one 
occurring  in  tbe  former  below  the  sternum,  otbers  in  the  fat  sur- 
rounding  the  stomach  and  rectum.  I  have  searched  in  a  number  of 
birds,  including  the  pigeon,  rook  and  jacMaw,  but  have  only  seen 
them  in  the  fowl,  and  one  small  solitary  gland,  typically  hsemal,  in 
the  Omentum  of  a  pheasant  (Phasianida  colchicus).  Those  found 
in  the  fowl  occurred  in  the  neighbourhood  of  the  stomach,  and  in 
the  neck,  and  were  small  spherical  bags  of  a  blood-red  colour,  about 
1  mm  to  1  cm  in  diameter. 

C.  Reptilia. 

No  haemolymph  glands  have  as  yet  been  discovered  in  this  group 
of  the  Vertebrata. 

D.  Amphibia. 

Two  small  bodies,  closely  resembling  typical  hsßmal  glands  in 
appearance  have  been  found  in  the  toad  (Bufo  vulgaris),  and  were 
situated  on  the  surface  of  the  gall  bladder.  These  were  probably 
accessory  spleens. 

E.  Pisces. 

Balfour  [1]  described  the  "head  leidneys"  in  ganoids  and  teleosts 
as  consisting  of  adenoid  tissue,  and  in  many  cases  noticed  the 
presence  of  blood  sinuses.  In  1897  they  were  further  described  by 
Vincent  [17a].  In  the  contribution  of  Vincent  and  Harrison2),  a  short 
Paragraph  is  devoted  to  these  organs,  in  which  their  similarity  to 
liaemolymph  glands  is  noted  in  the  case  of  Oj^clopterus  lumpus.  The 
pronephros  or  "head  kidney"  of  fishes  forms  in  adult  teleosts  and 
ganoids,  as  is  well  known,  the  degenerated  adenoid  anterior  end  of  the 
kidney.  It  is  composed,  as  will  be  further  described,  of  adenoid  tissue 
and  blood  sinus. 


x)  Loc.  cit.    2)  Loa  cit. 
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In  Anguilla  anguilla,  Vincent1)  states  tliat  he  lias  found  one  or 
two  typical  hasmolymph  glands,  embedded  in  the  abdominal  fat,  though 
he  has  not  given  detail*  of  the  minute  structure 

IV.  Distribution  in  Vertebrata. 

The  account.  whioh  has  just  been  given  of  the  general  anatomy 
of  hsemolymph  glands,  deals  only  with  the  distribution  of  the  glands 
in  each  of  the  individuals  examined.  When  a  comparisoh  is  made  of 
the  different  examples  of  the  several  groups  certain  interesting  points 
may  be  observed. 

The  mammdls  examined  have  been  nembers  of  five  Orders,  Pri- 
mates, Ungulata,  Carnivora,  Rodentia,  Insectivora.  In  the  first  two  of 
these,  typical  hcemal  glands  have  always  been  found;  and  they  appear 
to  be  restricted  to  these  two  Orders.  Thus  they  have  so  far  been  noticed 
in  man,  monkey,  sheep,  ox,  horse,  goat  and  pig,  and  in  no  other  ani- 
mals.  We  may  therefore  say,  that  as  far  as  is  known,  typical  hcemal 
glands  are  characteristic  of  the  Primates  and  Ungulates.  On  the 
other  band  in  the  group  Carnivora  no  hcemal  glands,  but  only  hcemal 
lymphatic  glands  are  found,  and  these  seem  to  be  constantly  present 
in  "renal11  and  "splenic11  groups.  Of  the  Carnivora  the  following 
species  have  been  examined,  and  in  all,  the  distribution  was  found  to 
be  similar:  —  dog,  cat,  ferret,  stoat  and  weasel.  In  the  group  Ro- 
dentia, there  exists  a  type  of  gland  which  may  be  called  "hsemal" 
but  which  differs  in  several  respects  from  the  hsemal  glands  of  Un- 
gulata. The  species  examined  include  the  rabbit,  several  varieties  of 
rata  and  mice,  and  the  guinea  pig,  squirrel,  water  vole,  and  shrew. 
In  the  Guinea  Pig  the  glands  appear  to  be  intermediate  forms,  which 
can  liardly  be  definitely  called  either  "hsemal"  or  "hsemal  lymphatic". 

Several  observers  have  failed  to  find  the  glands  in  certain  mam- 
mals;  Clarkson2)  could  discover  none  in  the  camel  and  leopard,  while 
Vincent  and  Harrison8)  failed  to  find  them  in  the  hedgehog.4)  But  the 
same  observers  failed  to  find  the  glands  present  in  a  mimber  of  ani- 
mals  examined,  in  which  they  undoubtedly  exist.    I  believe,  thal 

l)  Loc.  cit.    ")  Loc.  cit.    8)  Loc.  cit. 

4)  As  already  observed,  they  have  since  been  seen  in  the  hedgehog. 
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either  hiemal  or  hmmal  lymphatic  glands  will  be  found  in  all  the 
mammalia:  I  have  at  auy  rate  found  them  in  all  mammals  dissected. 

In  Birds  the  distribution  seems  to  be  very  mucb  less  constant. 
Typical  hstemal  glands  have  been  found  in  the  fowl,  turkey  and  pheasant, 
but  in  many  others,  they  have  been  searched  for  in  vain. 

In  Beptiles  and  Amphibians  it  is  doubtful  whether  haemal  or 
hsßmal  lymphatic  glands  exist  at  all,  except  in  the  case  of  one  organ, 
the  spieen. 

In  Fishes,  a  few  bodies  having  the  same  naked  eye  appearances 
as  typical  hsemal  glands  were  described  in  the  silver  eel:  further  in 
almost  all  Teleostean  fishes  the  anterior  end  of  the  kidney  has  a 
similar  structure  to  hsemal  glands. 

Thus  it  would  appear  that  hsemolymph  glands  are  most  charac- 
teristically  developed  in  the  higher  forms  of  vertebrate  life,  or  those 
in  which  the  red  blood  corpuscles  are  non-nucleated. 

V.  Methods. 

In  the  preparation  of  material  for  microscopic  examination,  nume- 
rous  methods  have  been  employed.  I  have  examined  fresh  preparations, 
including  cover  glass  specimens,  sections  with  the  freezing  microtome, 
and  teased  preparations  of  the  various  parts  of  the  glands,  after 
treatment  with  various  stains.  The  bulk  of  the  tissues  however  have 
been  fixed  and  hardened  in  one  or  other  of  the  following  fluids:  — 
"corrosive  suUimate  Solution",  "alcohol"  of  various  strengths,  "Müller's 
fluid'1,  "Zenkers  mixture",  "acetic  bichromate  Solution11,  or  "Flemming's 
fluid".  After  hardening,  the  tissues  were  washed,  dehydrated,  soaked 
in  xylol  or  cedar  wood  oil  and  subsequently  embedded  in  soft  or  hard 
paraffin.  I  have  obtained  very  good  results  with  "corrosive  Subli- 
mate" or  "acetic  bichromate"  Solutions,  but  for  details  of  cell  structure 
"Flemming's  Solution"  has  been  employed  to  most  advantage. 

In  the  majority  of  cases  the  sections  were  cut  with  the  rocking 
microtome  and  mounted  on  albuminized  slides,  after  carefully  floating 
out  on  water.  In  staining  I  have  used  hcemalum,  carmalum,  eosin, 
picric  acid,  borax  carmine,  methyl  blue,  methylene  blue,  toluidene  blue, 
acid  fuchsine,  methyl  orange,  saffranin,  magdala  red,  and  other  dyes. 
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Silver  nitrate  impregnaüon  has  been  used  in  particular  cases,  and 
Heidenhahis  iron  ahm  method  in  addition  to  saffhtnin,  in  combination 
witli  Ught  gre&n  or  gentiam  rinlet,  to  denionstrate  miclear  figures  and 
other  cell  details.  Hcemalum  and  eosin  liave  been  employed  in  tlie 
rase  of  almost  all  glands  for  purposes  of  comparison ,  because  they 
give  so  good  a  contrast  between  adenoid  tissue  and  blood  sinus.  This 
combination  is  fnrther  particularly  well  adapted  to  cases  wbere  phago- 
cytosis  is  to  be  stndied.  Saffranin  in  conjimction  witli  a  snitable  plasma 
stain,  gives  very  beantifnl  resnlts  after  hardening  tlie  material  stained 
in  Flemming's  Solution.  The  aniline  Blnes  have  been  nseful  in  prepa- 
rations  of  reticulum. 

VI.  Minute  structure. 

1.  Microscopic  Anaiomy  of  a  typical  hcemal  gland. 

It  will  be  advisable  to  give  in  the  first  instance,  a  description 
of  the  minnte  structure  of  a  typical  blood-red  hsemal  gland,  such  as 
one  meets  witli  in  the  ox  or  sheep,  and  to  subsequently  note  the  points 
of  difference  between  the  histology  of  this  type,  and  that  of  other 
varieties.  The  general  arrangement  of  the  tissues  has  already  been 
described  by  previous  observers;  a  short  account  will  consequently 
here  suffice. 

This  account  may  be  conveniently  given  under  the  three  headings, 
1.  Capsula  and  Trabecidae,  2.  Sinuses,  3.  Adenoid  tissue. 

The  adenoid  tissue  lies  for  the  most  part  towards  the  centre  of 
the  gland,  and  is  of  irregulär  form,  for  it  is  cut  up  by  the  "central 
sinuses",  which  communicate  with  the  "peripheral  sinuses"  lying  im- 
mediately  beneath  the  capsule.  The  central  sinuses  are  chiefly  in  the 
for-m  of  offshoots  from  the  peripheral  sinus,  and  they  frequently  com- 
municate to  form  an  irregulär  network  in  the  centre  of  the  lymphoid 
mass.  The  gi-eater  area  of  sinus,  as  seen  in  sections,  belongs  to  the 
peripheral  portion:  this  again  is  limited  externally  by  a  strong  "cap- 
sule" from  which  numerons  fibrous  processes  or  "trabecidae"  project 
inwards,  running  into  the  adenoid  tissue  and  further  subdividing  it. 
As  a  general  rnle  these  trabcculae,  when  present,  are  accompanied  by 
öuaTounding  sinuses.  and  eventually  end  by  breaking  up  into  Huer  and 
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finer  Strands,  which  terminate  as  the  reticuluni  of  the  adenoid  tissue 
and  sinuses.  The  character  of  tke  "endothelium"  which  lines  the 
capsule,  the  trabeculae,  and  lymphoid  tissue,  will  be  further  discussed. 
Having  given  the  general  relations  of  the  three  chief  elements  of  the 
gland,  I  proceed  to  a  more  detailed  account  of  these  constituent  parts. 

The  capsule  and  trabeculae.  A  capsule  is  always  present,  in 
eertain  cases  consisting  of  both  fibrous  and  serous  layers,  as  in  the 
case  of  the  spieen  and  many  lymphatic  glands.  It  varies  in  thickness 
with  the  size  of  the  organ,  and  the  animal  examined.  Its  histological 
eomposition,  as  might  have  been  expected,  is  similar  to  that  of  the 
capsule  of  other  related  organs,  consisting  cliiefly  of  white  fibrous 
t  issue,  with  some  yellow  elastic  fibres  and  involuntary  muscle.  Strips 
of  the  capsule  impregnated  with  silver  nitrate  show  the  arrangement 
of  the  white  fibres  very  beautifiüly  (pl.  II.  fig.  14)  the  fibres  remaining 
unstained,  while  the  ground  substance  is  darkened. 

From  the  inner  side  of  the  capsule  spring  trabeculae  composed 
of  the  same  elements  as  the  capsule  itself.  These  subdivide  the  gland 
as  above  described,  and  vary  considerably  in  strength  and  arrangement 
in  different  animals.  The  capsule  is  pierced  at  one  or  more  points 
by  various  nerves  and  bloodvessels;  the  latter  are  conducted  along  the 
trabeculae  in  the  large  glands;  in  other  cases  they  run  in  Strands  of 
adenoid  tissue  (pl.  II.  fig.  13). 

The  lymphoid  tissue  is  composed  of  a  dense  reticulum,  in  the 
meshes  of  which  leucocytes  are  enclosed;  in  many  cases  itis  nodulated, 
and  rounded  projections  jut  into  the  sinus.  In  these  rounded  masses, 
which  are  found  by  an  examination  of  serial  sections  to  be  connected 
to  the  main  mass  of  adenoid  tissue,  there  often  occur  spherical  patches 
which  stain  less  deeply  than  the  surrounding  tissue;  these  constitute 
the  "Germ  centres"  or  "Keimcentra"  of  the  German  writers  (pl.  I. 
fig.  1).  The  cells  contained  in  them,  seem  slightly  swollen  and  shew 
active  signs  of  mitosis.  Around  the  margin  of  the  germ  centre  the 
cells  assume  a  darker  stain  gradually  shading  off  into  the  general 
adenoid  tissue  (pl.  I.  fig.  6). 

The  presence  of  these  centres  in  hsemal  glands  was  originally 
observed  by  Robertson  and  has  since  received  attention  from  several 
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observers,  Involuntary  muscle  fibres  (pl.  I.  flg.  9  i.m.f)  and  elastic 
fibres  oqow  in  the  lymphoid  tissue,  but  by  no  means  in  large  quantity. 
Care  must  be  taken  not  to  confnse  the  elongated  cells  of  the  endo- 
thelium lining  the  capillaries,  which  everywhere  pervade  the  lymphoid 
tissue.  with  involuntary  muscle  fibres. 

W  arthin1)  states  that  he  has  found  free  red  cells  in  the  adenoid 
tissue,  but  the  presence  of  these  cells  is  extremely  doubtful.  They 
are  certainly  seen  in  the  lymphoid  tissue,  but  careful  Observation 
reveals  the  fact  that  they  are  in  capillaries,  the  walls  of  which  are 
often  indistinet,  Free  red  corpuscles  in  the  adenoid  tissue  exist  only 
in  places  where  the  delicate  endothelium  is  absent;  whether  this  is  due 
to  the  breaking  away  of  these  endothelium  cells  to  form  phagocytes, 
or  whether  they  do  not  exist  in  these  situations,  it  is  difficult  to  say. 

Masses  of  dark  yellow  or  brown  pigment  are  seen  frequently  in 
the  adenoid  tissues  in  the  neighbourhood  of  the  sinuses,  though  such 
masses  are  not  so  often  seen  in  the  case  of  the  sheep  as  in  the  rat. 
They  are  darker  than  the  corresponding  granules  found  within  the 
phagocytes  of  the  sinus,  probably  on  aecount  of  the  greater  accumulation 
at  these  points,  and  of  the  fact  that  much  of  the  pigment  constituting 
them  is  in  a  free  State  (pl.  I.  flg.  8). 

The  various  forms  of  cells  found  in  the  lymphoid  tissue  have 
been  fully  described  by  more  than  one  observer:  for  the  sake  of 
completeness  I  append  the  following  description  given  by  Vincent  and 
Harrison2),  which  agrees  more  closely  with  my  own  observations  than 
does  any  other. 

"The  following  cells  were  found:  — 

1.  The  most  numerous,  small  cells,  4—5  p  in  diameter,  almost 
entirely  composed  of  nucleus,  but  with  a  thin  ring  of  protoplasm 
(pl.  I.  fig.  9  leu). 

2.  Cells  with  similar  characters,  but  more  abundant  protoplasm. 

3.  Cells  larger  than  the  preeeeding,  with  large  pale  nuclei  oval  or 
crescentic  in  form. 

4.  Large  multinuclear  cells,  containin^  as  many  as  7  or  8  nuclei. 


')  Loc.  cit.    *)  Loc.  cit. 
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5.  Large  faintly  granulär  cells  stained  witli  eosin,  diameter  20 

6.  Cells  smaller  than  the  preeeeding  with  large  pale  nuclei  oval  or 
crescentic  in  form." 

Variety  5.  I  have  not  observed,  and  the  multinuclear  cells  have 
been  but  very  rarely  seen  in  any  of  the  glands,  though  frequently 
met  with  them  in  sections  of  spieen. 

The  sinuses.*)  In  addition  to  the  sinuses  both  peripheral  and 
central  above  described,  other  minor  sinuses  occur  in  the  capsule  itself. 
These  are  small  and  narrow,  and  are  most  abundant  in  certain  glands 
with  thick  capsules.  The  sinuses  contain  the  usual  constituents  of 
the  blood  stream,  and  in  addition  phagocytes  in  all  stages  of  activity. 

The  eosinophile  blood  corpuscle  has  attracted  as  already  stated 
the  special  attention  of  Weidenreich2)  who  believes  that  ordinary 
leueocytes  take  up  erythrocytes  and  partially  disintegrate  them,  with 
the  formation  of  eosinophile  granules.  The  leueocytes  are  then  sup- 
posed  to  join  the  general  bloodstream,  in  which  they  form  the  well 
known  eosinophile  cell.  This  striking  and  ingenious  theory  has  se- 
veral  sefious  objections.  In  the  first  place  it  would  be  expected,  by 
analogy,  that  the  aetion  of  Leueocytes  lipon  ingested  blood  cells  would 
be  similar  to  that  of  phagocytes,  and  would  not  cease  at  the  mere 
setting  free  of  hsemoglobin.  Secondly,  aecording  to  Kanthack  and 
Hardy  [p],  the  application  of  suitable  Stimuli  to  such  cells  in  the  blood 
stream,  rauses  them  to  actively  increase.  How  would  this  increase 
of  eosinophile  corpuscles  proeeed.  without  the  ingestion  of  further  red 
blood  corpuscles,  to  compensate  the  loss  of  eosinophile  particles  in  the 
individual  cells? 

The  question  as  to  the  nature  of  reticulum  and  endothelium  has 
reeeived  considerable  attention  in  lymphatic  glands  and  spieen,  but 
has  not  yet  been  thoroughly  worked  out  in  haemal  glands.  In  exami- 
ning  these  elements,  I  have  employed  the  methods  now  usually  in 


')  Drammond  loc.  cit.  p.  203  makes  the  statement  that  in  the  larger  haemo- 
lymph  glands  there  are  no  blood  corpuscles  either  in  the  central  or  peripheral 
sinuses.  If  this  be  the  case,  by  what  right  are  they  called  "hsemolymph"  glands 
at  all? 

2)  Loc.  cit. 
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vogue  for  studying  the  framework  of  glandulär  organs.  In  some  cases 
the  fresh  tissues  have  been  out  with  the  freezing  micrötome,  and  sub- 
sefttently  treated  with  a  5°/0  Solution  of  caustic  potash;  in  other 
cases  they  have  been  submitted  to  tryptic  digestion,  or  the  blood  has 
been  cemoved  from  the  sinuses  by  washing  with  distüled  water.  Yet 
again,  the  entire  gland  was  first  hardened  in  alcohol,  treated  with  a 
l°/0  Solution  of  caustic  potash,  and  afterwards  transferred  once  more 
to  alcohol.  The  further  treatment  was  as  follows:  —  the  gland  was 
either  stained  in  bulk,  or  mounted  unstained  in  paraffin,  and  sections 
were  then  cut  and  mounted. 

In  the  study  of  a  number  of  preparations  by  these  different 
methods,  I  have  observed  little  or  no  difference  between  the  structure 
of  reticulum  in  these  and  related  glands.    My  observations  on  the 
general  arrangement  of  the  tissue  agrees  with  the  description  given 
by  Professor  Schäfer1)  in  ordinary  lymphatic  glands.    Fibrous  con- 
nective  tissue  forms  the  foundation  of  the  whole  organ,  and  it  is  most 
compact  in  the  capsule  and  trabeculae,  consisting  essentially  of  bundles 
of  white  fibres;  fine  Strands  pass  from  these  in  every  clirection,  forming 
a  dense  meshwork  which  supports  the  other  tissue  elements  of  the 
gland.    The  reticulum  is  very  dense  in  the  adenoid  tissue,  but  more 
sparse  in  the  sinuses:  between  sinus  and  lymphoid  tissue,  or,  more 
correctly,  in  the  outermost  part  of  the  lymphoid  tissue,  the  reticulum 
becomes  denser  (c.  f.  spieen,  pl.  II.  fig.  16).  A  question  of  considerable 
difficulty  arises  with  regard  to  that  portion  of  the  reticulum  which 
bridges  across  the  sinuses.    It  has  been  regarded  by  Schumacher  and 
others  as  consisting  of  numerous  branched  ceUs,  the  processes  of  which 
interlace,  giving  rise  to  the  characteristic  appearance  of  a  network: 
and  it  is  noticeable  that  many  of  our  Standard  text  books  ülustrate 
it  as  having  this  structure,  in  the  case  of  lymphatic  glands.  Eecent 
observers,  in  particular  Höhl  [6\  consider  that  the  reticulum  consists 
of  a  fibrous  network  with  tlattened  cells,  which  he  calls  "reticulum 
ceUs11,  attached  to  it.  In  the  case  of  the  hoemal  glands  this  is  certainly 
the  arrangement,  although  the  nature  of  the  reticulum  cells  themselves 
appears  at  present  not  to  be  clearly  understood. 

*)  Qnains  Anatomy.  Vol.  III.  Part  IV.  p.  296. 
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Here  arises  a  question  of  much  importance.  Are  the  cells  lin- 
ing the  reticulum  fibres  continous  with  the  endothelium  cells  bounding 
the  sinuses?  If  so,  the  two  varieties  of  cell  are  probably  of  much 
the  same  nature;  or  in  other  words,  the  reticulum  cells  are  nothing 
more  than  modified  endothelium  cells.  Careful  search  has  convinced 
me  that  such  a  continuity  exists.  Cells  of  the  endothelium  proper 
show  the  appearance  of  being  directly  continuous  with  cells  lining  the 
reticulum.  Moreover,  comparison  of  the  shape  and  size  of  the  tw  o 
varieties  of  cell,  lends  support  to  the  view  that  there  is  one  more  or 
less  continuous  lining  for  reticulum.  capsule  and  adenoid  tissue.  The 
endothelium  lining  the  sinus,  and  separating  it  from  the  adenoid  tissue, 
is  nothing  more  than  a  layer  of  endothelium  cells,  attached  to  the 
somewhat  denser  reticulum  fibres  found  in  the  outermost  part  of  the 
adenoid  tissue.  It  appears  more  striking  in  this  Situation,  not  only 
because  the  cells  are  more  numerous,  but  because  of  their  more  regulär 
arrangement,  and  the  fact  that  there  are  no  cells  found  lining  the 
neighbouring  reticulum  fibres  in  the  lymphoid  tissue.  The  endothelium 
lining  the  reticulum  will  probably  not  form  an  absolutely  continuous 
lining  over  it,  so  that  in  some  places  it  will  be  washed  by  the  blood 
stream.  A  loss  of  endothelium  cells  may  occur,  either  mechanically 
in  the  section  cutting,  or  during  the  living  state  to  form  phagocytes. 
In  the  reticulum  a  few  scattered  involuntary  muscle  or  yellow  elastic 
fibres  are  met  with  occasionally,  and  these  have  already  been  obser- 
ved  in  the  lymphoid  tissue. 

If  this  view  of  the  continuity  of  the  endothelium  lining  be  correct,  the 
blood  sinuses  may  be  regarded  as  nothing  more  than  a  coarse  capillary 
meshwork,  or  they  may  be  looked  upon  as  a  System  of  veins,  similar  to 
that  described  by  Böhm  und  Davidoff1)  in  the  spieen;  for  the  sinus  is 
broken  up  by  Strands  of  reticulum,  lined  on  all  sides  by  endothelium, 
into  a  network  of  short  communicating  Channels,  which  may  be  re- 
garded as  short  irregulär  capillaries.  I  prefer  to  regard  these  vessels 
as  capillaries  and  not  venules,  as  the  endothelial  lining,  bounding  them 
is  directly  continuous,  through  that  lining  the  outer  wall  of  the  so 


')  Loc.  cit. 
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called  sinus,  with  the  endothelium  lining  certain  arteries  and  veins 
entering  the  hdlus  of  the  gland  (pl.  I.  hg.  5).  Furthermore  the  endo- 
thelial walls  of  the  capillaries,  leading  from  the  sinus  into  the  adenoid 
tissue,  is  also  directly  continuous  with  the  lining  of  the  sinus  itself 

(pl.  I.  flg.  5  e.  c  c). 

The  advantages  derived  from  the  breaking  up  of  the  sinuses  hy 
the  reticuluin  are  many.  In  addition  to  forming  a  support  for  the 
lymphoid  tissue,  the  reticulum  retards  the  velocity  of  the  blood  stream 
by  increasing  the  resistance;  also  the  phagocytes  are  enabled  to  retain 
tlieir  position,  and  are  not  swept  into  a  heap  in  one  portion  of  the  sinus. 
Furthermore,  if  the  phagocytes  derive  their  origin  from  endothelium 
cells,  as  I  believe  to  be  largely  the  case,  the  opportunity  of  multi- 
plication  is  increased  proportionally  with  the  increased  area  of  endo- 
thelium.   These  conditions  all  facilitate  the  process  of  Phagocytosis. 

The  endothelium  seems,  from-  an  examination  of  silver  nitrate 
preparations  of  capsule  (pl  II.  fig.  14),  to  have  much  the  same  ap- 
pearance  in  this  Situation  as  that  covering  the  inner  wall  of  blood 
Gessels  generally.  The  particular  cells  lining  the  reticulum  seem  to 
be  more  branching  however,  and  are  probably  more  irregulär,  an 
adaptation  to  the  irregulär  fibres  which  they  encase. 

2.  Differences  in  the  histological  detaüs  between  the  glands  of 

different  animals. 
Primates.  The  microscopical  characteristics  of  hgemolymph  glands 
in  man  and  monkey  have  been  examined.  In  both  these  species 
"l);emal"  glands  occur.  The  peripheral  sinus  is  small  or  disconnected, 
the  trabeculae  weak;  but  the  central  sinuses  are  numerous  and  break 
up  the  lymphoid  tissue  considerably.  Germ  centres  are  scarce,  though 
phagocytosis  is  frequently  observed. 

Ungulates.  The  trabeculae  in  the  hsemal  glands  of  the  ox 
are  strong  and  numerous;  the  peripheral  sinus  is  often  small,  but 
the  central  blood  spaces  are  abundant.  Germ  centres  are  scarce  and 
l'liagocytosis  is  rarely  noticed.  In  the  sheep,  the  sinuses  are  much 
larger,  particularly  the  peripheral;  the  trabeculae  vary  in  strength 
with  the  size  of  the  gland;  the  reticulum  is  fairly  dense,  as  is  always 
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the  case  when  tlie  sinuses  are  wide.  Germ  centres  are  plentiful  and 
a  good  many  phagocytes  are  scattered  throughout  the  sections.  In 
the  horse,  the  sinuses  are  often  broken  up  by  Strands  of  lymphoid 
tissue;  the  germ  centres  are  very  frequently  seen  in  the  cortical 
portion  of  the  lymphoid  tissue.  Signs  of  phagocytosis  are  occasionallv 
observed.  In  the  pig,  the  chief  feature  is  the  strength  of  the  trabe- 
culae,  which  to  a  large  extent  subdivide  the  organ.  In  these  glands 
I  have  not  observed  phagocytosis  proceeding,  but  occasionally  small 
masses  of  pigment  occur  in  the  sections:  destruction  of  erythrocytes 
probably  occurs  to  a  slight  extent. 

Carnivora.  The  glands  all  have  a  very  characteristic  appearance 
(pl.  I.  fig.  3).  There  is  never  a  complete  peripheral  sinus  present; 
blood  Spaces  are  only  found  in  certain  restricted  areas  beneath  the 
capsule.  There  is  usually  a  large  sinus  in  the  centre  of  the  gland, 
which  commuiiicates  with  the  peripheral  sinuses  by  numerous  small 
interlacing  minor  sinuses;  these  last  mentioned  are  smaller  than  any 
met  with  in  glands  of  the  Ungulata  or  Primates  and  seem  to  be 
characteristic  of  hcemal  lymphatk  glands.  They  contain  both  blood 
and  lymph  in  abundance,  and  probably  have  direct  communication 
with  both  blood  and  lymph  streams.  It  is  of  course  quite  possible 
that  both  blood  and  lymph  sinuses  are  separately  present,  with  but  a 
thin  partition  between  them,  and  it  is  within  the  bounds  of  possibility 
that  erroneous  conclusions  may  be  sometimes  drawn  from  injection  ex- 
periments,  through  the  breaking  down  of  such  a  partition.  I  am  more 
inclined  to  the  view  that  one  sijstem  of  sinuses  exists  which  contains 
blood  and  hjmph,  since  I  can  observe  no  histological  differences  between 
the  details  of  different  sinuses;  also  injection  of  the  sinuses  by  the 
blood  or  lymphatic  vessels  shows  that  they  are  both  connected  with 
one  and  the  same  System  of  sinuses. 

There  exists  in  these  glands  therefore  admixture  of  blood  and 
lymph  streams.  Large  efferent  vessels  may  be  traced  from  these 
glands  to  the  thoracic  duct,  and  it  might  be  expected  that  blood 
would  be  found  in  these.1) 

J)  In  the  case  of  a  dog  examined,  an  efferent  lymph  vessel,  passing  to  the 
thoracic  duct,  was  observed  to  contain  a  considerable  amount  of  blood,  this  has 
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In  luvmal  lymphatic  glands,  reticulum  is  abimdant  in  the  sinuses 
and  signs  of  active  phagooytosis  are  always  present;  germ  centres  are 
plentiftil,  situated  usually  near  the  outer  border  of  the  adenoid  tissue. 
In  the  eat  tliey  are  found  möre  frequently  than  in  the  dog,  though 
in  this  animal  the  sinuses  are  less  irregulär  and  numerous. 

In  Bodentia  the  glands  have  a  structure  differing  slightly  from 
typical  hsemal  glands.  In  rats  a  complete  peripheral  sinus  is  never 
present;  the  lymphoid  tissue  in  the  case  of  the  glands  of  the  renal 
group  is  collected  to  one  side  of  the  organ,  while  the  other  half  is 
occupied  by  a  large  sinus.  From  the  adenoid  tissue  finger  shaped 
masses  project  and  run  through  the  sinus  towards  the  capsule  of  the 
opposite  side:  in  these  processes  blood  vessels  pass  to  the  lymphoid 
tissue  (pl.  I.  flg.  5;  pl.  II.  fig.  13).  Germ  centres  have  been  found  in 
one  gland  only,  in  which  they  were  numerous.  Trabeculae  are  usually 
absent,  and  this  may  account  for  the  unusual  collection  of  the  adenoid 
tissue  to  one  side  of  the  gland,  in  contact  with  the  capsule. 

In  the  splenic  glands,  the  sinuses  are  distributed  throughout  the 
lymphoid  tissue,  which  is  consequently  broken  up;  they  come  to  the 
surface  in  certain  places  only,  giving  the  blotchy  appearance  which 
is  so  characteristic  of  the  glands  in  this  region.  Signs  of  active 
phagocytosis  are  always  present,  though  the  sinuses  do  not  contain 
many  leucocytes.  In  the  rabbit  the  arrangement  is  somewhat  similar, 
but  the  blood  sinuses  are  broken  up  by  very  numerous  fine  Strands 
of  adenoid  tissue  and  small  trabeculae.  Compared  with  the  renal 
Im  mal  glands  of  the  rat  the  sinuses  are  small  though  very  distinct, 
and  completely  filled  with  phagocytes.  This  abimdant  blood  destruc- 
tion  appears  to  be  characteristic  of  the  glands  of  Rodentia,  and  is  by 
no  means  limited  to  the  rabbit. 

In  the  guinea  piff,  large  masses  of  lymphoid  tissue  and  many 
germ  centres  occur,  while  the  sinuses  are  small  and  broken  up.  Though 
closely  resembling  hgemal  lymphatic  glands  when  observed  in  situ, 
microscopic  examination  shows  them  to  be  similar  to  the  splenic  glands 
of  the  rat. 

frequently  been  observed  by  those  experimcnting  upon  the  result  of  obstruction 
of  the  inferior  vena  cava  on  the  flow  of  lymph. 
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Aves.  In  the  fowl  the  sinuses  and  lymplioid  tissue  are  considerably 
mixed,  and  are  not  so  easily  distingiüshed  from  one  another.  The 
former  are  filled  witli  nucleated  blood  corpuscles,  and  here  and  there 
phagocytes,  crowded  with  pigment  or  containing  several  red  cells,  are 
met  with.  Quantities  of  pigment  in  a  free  State  are  also  seen  in  the 
adenoid  tissue,  particularly  towards  the  margins  of  the  sections. 

3.  Head  Jcidney  of  Fishes. 

I  have  examined  many  species  of  teleostean  fishes  including  Hypo- 
glossoides  limandoides,  Trigla  lyra,  Salmo  solar,  Rhombus  laevis, 
Pleuronectes  flesus,  Cyclopterus  lumpus,  Esox  lucuis,  Molva  vulgaris 
and  Cottus  gobio.  In  some  of  these  the  structnre  of  the  head  kidney 
(pl.  EL  fig.  10),  consists  of  adenoid  tissne  pervaded  in  many  places 
by  a  definite  blood  sinns,  containing  closely  packed  nucleated  blood 
cells.  The  adenoid  tissue  consists  of  numerous  leucocytes  contained 
in  a  dense  reticular  meshwork,  and  is  frequently  marked  off  from  the 
sinuses  by  an  irregulär  endothelium.  In  a  few,  little  adenoid  tissue 
is  present  in  the  head  kidney,  the  organ  having  the  appearance  of 
a  large  blood  sinus  with  a  dense  reticulum.  This  is  well  seen  in 
Rhombus  laevis  and  Pleuronectes  flesus.  In  others  lymphoid  tissue 
Horms  the  bulk  of  the  gland,  and  only  a  few  very  distinct  sinuses 
are  present,  e.  g.  Hypoglossoides  limandoides. 

Acipenser  sturio  is  the  only  ganoid  which  has  been  examined.  The 
head  kidney  consists  chiefly  of  adenoid  tissue  with  here  and  there 
small  indefinite  blood  sinuses  containing  nucleated  corpuscles  (which 
were  also  found  in  the  lymphoid  tissue). 

No  phagocytosis  has  as  yet  been  observed  in  these  head  kidneys. 

VII.  Yascular  supply  of  the  hsemal  glands  of  the  rat. 

Little  attention  has  been  paid  to  this  important  part  of  the 
anatomy  of  the  hsemolymph  glands.  Drummond  devoted  a  paragraph 
to  the  circulation,  but  he  states  that  no  good  specimens  were  obtained 
in  the  dogs  which  he  injected,  as  he  could  not  distinguish  hsemal 
lymphatic,  from  lymphatic  glands,  after  the  injection.  His  description 
was  based  upon  an  examination  of  serial  stained  sections.  Tins 
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nuMhoil  of  traciiig  blood  vessels  seems  one  which  is  scarcely  likely  to 
give  satisfactory  results.  At  any  rate  I  am  unable  to  comfirm  the 
account  given  by  Drummond  of  the  vascular  supply.  The  difficulty, 
of  being  unable  to  identify  the  glands  after  injection,  is  easily  re- 
medied  by  noting  the  position  of  the  glands  before  commencing  the 
Operation. 

The  arteries  and  veins  have  been  separately  injected  in  the  rat 
directly  after  death  with  a  warm  carmine  gelatine  mass.  The  animals 
were  placed  on  one  side  until  the  injection  hardened,  when  the  glands 
were  excised  and  embedded  in  paraffin.  Serial  sections  of  a  thickness 
of  from  10 — 20  tu  were  then  cut. 

I  find  that  one  or  more  arteries  enter  the  hilum  of  a  gland; 
these  spring  in  the  case  of  the  splenic  group  from  the  splenic  artery, 
and  in  the  case  of  the  renal  group  from  the  renal  arteries  (pl.  I. 
fig.  7).  On  reaching  the  capsule  they  break  up  into  several  branches, 
of  which  one  or  more  opens  directly  into  the  sinus.  The  wall  of 
such  an  artery  is  continuous  with  the  capsule  of  the  gland.  Other 
arteries  proceed  across  the  sinus,  being  conducted  in  the  gland  of  a 
rat,  in  which  trabeculae  are  rarely  found,  by  cords  of  adenoid  tissue, 
to  the  general  mass  of  lymphoid  tissue1)  (pl.  I.  fig.  5;  pl.  II.  fig.  12 
and  13).  Here  they  branch  into  smaller  and  smaller  vessels  and  even- 
tually  form  a  capillary  network. 

In  preparations  in  which  the  arteries  were  injected  the  sinus  was 
engorged  with  the  red  mass  (pl.  II.  fig.  12),  so  that  this  portion  of 
the  gland  appeared  on  section  of  a  uniform  red  colour,  except  for 
the  regulär  interruption  of  reticulum  fibres  and  phagocytes,  which 
give  such  sections  of  the  sinus  a  characteristic  network  appearance. 
From  the  border  of  the  sinus  adjoining  the  lymphoid  tissue  small 
vessels  or  capillaries  run  into  this  lymphoid  tissue  (pl.  II.  fig.  12  and 
pl.  I.  fig.  5  e.a). 

After  injection  of  the  veins,  sections  of  the  glands  showed  very 
different  appearances;  in  some  cases  no  injection  had  found  its  way 
into  the  sdnuses,  though  minute  capillary  networks  were  picked  out 

')  I  have  not  found  blood  vessels  or  capillaries  lying  free  in  the  sinus;  they 
invariably  have  this  sheath  of  adenoid  tissue. 
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in  the  adenoid  tissue  (pl.  II.  fig.  13).  In  other  cases  a  certain  amount 
of  tlie  coloured  gelatin  was  seen  here  and  there  in  the  sinuses  (pl.  EL 
fig.  13  s),  in  no  case  were  the  sinuses  filled  with  injection,  as  they 
are  after  injecting  the  arteries.  I  believe  that  the  small  capillaries, 
alluded  to  above  and  seen  in  pl.  I.  fig.  5  c.a  open  from  the  sinuses  and 
join  minute  veins;  these  are  joined  by  other  minute  veins  from  the 
adenoid  tissue,  which  return  the  blood  froni  the  small  arteries  and 
capillaries  of  the  same,  to  form  larger  veins;  these  course  towards  the 
hilum,  always  increasing  in  size  as  tributaries  join  them,  until,  leaving 
the  general  lymphoid  mass,  they  are  conducted  along  the  finger  shaped 
processes  of  the  adenoid  tissue,  which  they  ultimately  leave  by  Pierc- 
ing the  capsule.  In  addition  to  these  veins,  others  (pl.  I.  fig.  5v) 
spring  directly  from  the  sinuses,  having  a  connection  with  the  sinus 
similar  to  the  entering  arteries.  These  are  protected  by  valves,  which 
prevent  the  direct  injection  of  the  sinuses  by  the  veins,  giving  in 
injected  specimens  the  appearance  seen  in  pl.  EL  fig.  13. 

The  veins  from  the  splenic  haemal  glands  join  the  splenic  vein 
and  ultimately  the  portal;  those  draining  the  blood  from  the  renal 
group  may  be  traced  to  the  renal  veins  (pl.  I.  fig.  7). 

The  general  structure  of  the  capillaries  and  small  blood,  vessels 
as  seen  in  sections  exhibits  no  extraordinary  features.  Thome,  who 
worked  with  certain  "Lymphdrüsen"  of  the  monkey,  has  stated  that 
the  endothelium  cells  lining  them  are  in  many  cases  almost  cylindrical, 
but  I  have  been  unable  to  find  this  appearance  in  any  gland  examined. 
The  cells  are  flattened  or  spindle- shaped  as  in  the  case  of.  other, 
capillaries,  and  are  continuous  with  those  lining  the  sinuses.  Thome 
also  believed  that  phagocytes  take  origin  from  these  cells.  I  have 
not  noticed  any  appearances  which  could  justify  me  in  confirming 
bim,  though  it  is  probable  that  phagocytes  arise  from  cells  directly 
continuous  with  these. 

VIII.  Nervous  supply  in  the  rat  and  dog. 
The  nervous  supply  to  the  haemal  glands  has  hitherto  received 
no  attention.  I  have  studied  it  in  the  rat  and  dog,  particularly  in  the 
former,  and  find  the  main  features  identical  in  both. 
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The  nietliod  originally  intemled  was  tliat  used  by  Ohevrel ')  for 
the  display  of  the  sympathetic  nerve  fibres  in  fishes.  Osmic  acid  is 
painted  on  the  dissection,  with  the  result,  in  fishes,  that  the  nerves 
stain  blaek  wbile  surrottEding  tissues  reniain  white.  In  attempting 
this  method  upon  mammalian  niaterial  the  result  has  been  reversed; 
the  nerves  for  a  long  wbile  remain  white  while  the  surrounding  fat 
becomes  black.  Painting  with  corrosive  Sublimate,  after  the  osmic 
is  washed  off  with  distilled  water,  increases  the  contrast. 

A  large  tangled  plexus  of  nerves  issues  from  a  ganglion  (semilunar 
ipniglion)  over  the  aorta,  above  the  renal  vessels  (pl.  I.  flg.  7);  the 
fibres  rmi  along  the  bloodvessels  of  the  neighbourhood,  forming  minor 
plexuses.  Those  with  which  we  are  chiefly  concerned  accompany  the 
splenic  and  renal  vessels;  from  these  minor  plexuses,  numerous  off- 
shoots  are  given  to  the  corresponding  splenic  and  renal  groups  of 
glands.  In  many  cases  a  plexus  is  formed  around  the  gland,  in  others 
fine  fibres  may  be  traced  into  the  substance  of  the  capsule.  Other 
fibres  proceed  from  the  ganglion  more  directly,  while  in  the  case  of 
the  splenic  group,  several  fibres  arise  from  the  solar  plexus  itself 
(or  more  correctly  from  that  portion  of  the  plexus  lying  on  the  aorta 
anterior  to  the  ganglion). 

Several  attempts  have  been  made  to  display  the  nerve  supply  to 
the  inferior  of  the  gland,  using  the  gold  Chloride  and  formic  acid 
method  of  Löwit.  I  can  at  present  only  State  that  the  capsule  has 
an  abundant  nerve  supply,  the  fine  nervous  fibrils  breaking  up  in 
tMs  tissue  and  in  the  trabeculae,  and  ending  in  delicate  twigs,  to 
which  are  occasionally  attached  small  angular  enlargements. 

The  nerve  supply  of  the  organs  under  consideration  is  so  abun- 
dant, as  to  lead  to  the  conclusion,  that  a  considerable  influence  must 
be  exercised  by  the  nervous  System,  probably  in  close  connection  with 
the  changes  taking  place  in  the  glands.  Stimulation  of  the  gland  itself 
or  of  the  nerves  supplying  it,  in  the  living  animal,  causes  slight  but 
distinet  paling  of  the  red  patches  representing  the  sinuses.  while  at 
the  Bame  time  the  whole  gland  suffers  a  slight  diminution  in  bulk. 

')  Archives  de  Zoologie  exper.  et  gen.  2«  serie.  tome  V.  bis.  1887.  Supple- 
mentaire. 
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These  Observation*  are  based  on  direct  naked  eye  appearances  only.1) 
The  changes  seem  to  be  very  similar  to  those  taking  place  in  the 
spieen  when  similarly  stimulated,  and  are  probably  brought  about  by 
contraction  of  the  abimdant  involuntary  muscle  fibres  in  capsule  and 
trabeculae.  No  rhythmical  contractions  have  been  observed  in  any 
glands. 

IX.  Lymphatic  supply. 

In  the  glands  of  the  rat  I  have  failed  to  find  any  definite  lym- 
phatic vessels  of  any  sort;  the  same  Observation  applies  to  hsemal 
glands  generally. 

In  the  haemal  lymphatic  glands  of  the  cat,  dog,  and  ferret,  there 
is  no  difficulty  in  finding  large  vessels  containing  nothing  but  lymph 
corpuscles  in  many  parts  of  the  organ.  The  method  adopted  for 
tracing  the  vessels  was  as  follows:  A  cat  was  fed  on  a  fatty  diet  in- 
cluding  milk,  and  a  few  hours  afterwards  killed  and  quickly  opened. 
The  lympnatie  vessels  were  charged  with  white  chyle,  and  many  were 
tiaced  to  the  glands  at  äifferent  points.  Sometimes  as  many  as  six 
to  ten  of  these  afferent  vessels  pierced  the  capsnle,  while  one  large 
efferent  vessel  led  away  from  it.  Such  a  gland  was  quickly  excised 
and  fixed  and  hardened  in  Flemming's  Solution  or  osmic  acid.  The 
cliyle  was  tlms  stained  black,  wherever  present  in  the  gland,  and 
tnrmed  a  natural  injection,  by  which  the  lymphatic  circulation  could 
be  ascertained.  Sections  of  the  gland  showed  the  sinuses  stained  black 
in  many  places,  indicating  that  the  chyle  stream  has  a  direct  connec- 
tion  with  them.  When  preparations  of  the  corresponding  glands  were 
made  by  other  metliods  these  sinuses  were  seen  to  contain  many  blood 
corpuscles,  so  that  one  can  but  conclude  that  in  the  sinuses  there  is 
a  niixture  of  blood  and  lymph. 

X.  An  account  of  Phagocytosis  in  the  haemolymph 

series  of  glands. 
1.  The  phenomena  of  Phagocytosis. 
The  process  of  phagocytosis  is  remarkably  well  seen,  in  all  its 
stages.  in  the  hsemal  glands  of  the  rat;  the  most  satisfactory  results 
»)  The  difficulties  of  obtaining  graphic  records  of  such  changes  are  obvious. 
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are  fco  be  obtaineä  by  staiiüng  sectiöns  of  these  glands  in  liaeinahini 
and  eosin,  od  accounl  of  fche  well  kmown  attraction  of  red  cells  Eor 
eosin.  Tnis  method  grve's  a  bricht  contrasl  between  the  red  eells, 
the  blue  of  fche  hsemalum  and  the  yellow  of  the  pigment. 

I  have  atfcempted  in  my  figures  (pl.  I.  fig.  11)  to  give  typical 
illustrations  of  the  process  of  phagocytosis;  all  the  stages  with  the 
exeeptiou  of  one  (pl.  I.  fig.  11  d)  were  drawn  froni  the  same  slide. 

Vincent  and  Harrison ')  first  suggested  that,  in  the  hsemal  glands. 
a  phagocytOj  by  a  method  similar  to  that  adopted  by  an  ämöeba  in 
beding,  may  ingest  several  (as  many  as  20)  erythrocytes.  They 
snpposed  that  the  ingested  cells  are  subsequently  attacked.  and 
eventually  ftransfonned  into  the  pigment,  which  they  fonnd  both  in 
the  cells  and  free  in  the  sinnses. 

Schumachers -)  description  was  more  detailed.  He  observed  a 
vaeuolation,  not  only  in  the  phagocyte.  but  in  the  ingested  red  cells 
themselves.  rrhe  vacuoles  of  each  erythrocyte,  he  described  as  running 
roirether,  so  that  ultimately  a  single  vacuole  remained,  of  the  shape 
and  size  of  an  erythrocyte.  I  am  unable  to  confirm  these  observatious 
oi  Schumacher.  In  cover  glass  preparations  vacuoles  certainly  abound. 
but  such  a  preparation  is  not  altogether  satisfactory,  as  the  mere 
(Iryirig  of  the  Ahn,  or  the  friction  produced  by  the  cover  glass,  is  quite 
snfticienr  to  produce  appearances  easily  mistaken  for  vacuoles:  in  fact 
many  other  specimens  prepared  by  this  method  show  a  distinct  vacuo- 
latinn  in  many  cells.  though  such  is  not  normally  the  appearance.  In 
Metions,  however,  vacuoles  do  certainly  exist,  but  these  have  only 
beer  obsi  rredtj  with  very  few  exceptions,  in  the  interior  of  cells 
eoMaiiriiig  little  or  uo  pigment.  Moreover  in  these  vacuoles  are  rre- 
qnently  seen  analtered  blood  corpuscles  (pl.  I.  fig.  11  c).   I  consider 

fche  \aciinliiti(in  due  td  the  fact  that.  where  one  or  more  blood  cells 

are  engulfed  by  the  psttedöpodi'a  of  a  phagocyte  (ässuming  that.  it 
ingests  erythrocytes  or  other  Eood  particles  after  the  manner  of  an 

')  Loc.  cit. 

*)  Loa  cit.  It  is  to  be  remcmbered  that  Schumacher  described  phagocytosis 
in  "Lymphdrüsen4'  and  apparently  was  unacquaintea  with  any  special  form  of  the 
glands  such  as  lia-mal  or  ha-mal  lymphafic. 
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amoeba),  a  considerable  quantity  of  plasma  is  taken  in  with  them, 
giving  rise  to  the  appearance  in  section  of  red  cells  lying  in  an  empty 
space.  I  cannot  agree  with  Schumacher  that  vacuolation  is  charac- 
teristic  of  certain  phases  in  the  destruction  of  an  erythrocyte. 

On  a  careful  examination  of  a  number  of  eosin  stained  sections, 
I  have  observed  that  many  small  red  masses  occur  in  the  interior  of 
phagocytes  or  giant  cells.  These  are  of  two  varieties.  The  one  variety 
consists  of  oval  pale  bodies  of  the  shape  and  size  of  red  blood  cor- 
puscles,  staining  of  the  same  depth  of  tint,  or  perhaps  lees  deeply  than 
the  erythrocytes  found  in  the  surrounding  sinus  (pl.  I.  fig.  11  d.e.f): 
These  are  freshly  ingested  blood  cells,  of  which  there  may  be  from 
one  to  tweuty  in  the  interior  of  a  Single  phagocyte  (pl.  I.  fig.  11  d), 
and  one  or  more  are  often  seen  lying  in  a  clear  space,  which  may 
be  termed  a  vacuole  (pl.  L  fig.  11  c).  A  second  variety  of  eosin  stained 
body  is  more  conspicuous.    They  are  more  brightly  stained,  and  are 
osually  spherical.    They  are  more  highly  refractive  and  vary  in  size 
from  very  miaute  globules  to  rounded  masses  twice  the  size  of  a 
blood  corpuscle  (pl.  I.  fig.  11  g.h.j).   They  are,  I  consider,  masses  of 
hsemoglobin.    The  appearances  seen  in  sections  have  led  me  to  per- 
Eorm  some  comparatiye  experiments  on  the  staining  power  of  equal 
portions  of  ordinary  defibrinated  and  laked  blood.   The  results  of 
these  experiments  point  to  one  of  two  conclusions:  either  that  the 
cell  wall  of  an  erythrocyte  is  not  easily  permeated  by  eosin,  or  that 
hsemoglobin  forms  with  a  constituent  of  the  cell  protoplasm  a  Com- 
pound which  has  a  weaker  affinity  for  eosin,  than  hsemoglobin  itself. 

The  first  action  of  a  phagocyte  upon  a  red  cell  is  probably  there- 
fore  in  the  directum  of  liberating  its  contents,  either  by  absorption  or 
rupture  of  the  cell  membrane;  in  either  the  result  is  the  formation  of 
a  spherical  mass  of  hsemoglobin.  Several  globules  of  hsemoglobin  may 
run  together  to  form  a  larger  mass,  or,  as  more  frequently  occurs,  some 
of  the  original  globules  break  up  into  several  smaller  ones,  any  of 
which  may  take  on  the  spherical  form.  The  more  lightly  stained 
masses,  which  are  probably  unaltered  erythrocytes,  show  considerable 
constancy  in  shape  and  size. 

It  is  not  unlikely  that  worn  out  or  damaged  cells,  and  not  heal- 
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thy  individuals  are  destroyed  by  the  phagocy  te ;  and  it  is  further  pos- 
sible  that  the  first  staye  in  the  disintegration  may  occur  in  the  blood 
stream. 

I  now  pass  on  to  the  further  changes  which  occur  in  phagocytosis. 
In  many  giant  cells  yellow  masses  of  pigment  are  observed,  of  the 
dimensions  of  an  erythroeyte,  and  moreover  many  intermediate  forms 
between  the  darkly  stained  spherical  red  bodies,  and  these  masses  of 
pigment.  Tlius  round ed  masses  are  present  which  consist  of  two  zones, 
centrally  of  the  dark  highly  refractive  red,  and  peripherally  of  bright 
yellow.  The  inner  zone  is  irregulär  in  outline,  and  the  yellow  zone 
surrounding  it  has  every  appearance  of  eating  its  way  into  it  (pl.  I. 
fig.  11  i.Jc);  between  the  two  layers  minute  black  granules  are  often 
apparent,  of  the  nature  of  which  it  is  impossible  to  speak  definitely, 
though  they  are  probably  some  intermediate  form  of  pigment  such  as 
hsematin.  In  some  cases  the  yellow  zone  is  increased  at  the  expense 
of  the  red,  in  other  cases  there  is  but  a  thin  yellow  zone  surrounding' 
a  larger  red  area;  yet  again  there  are  yellow  bodies  with  a  tinge  of 
red  spreading  from  the  centre  (pl.  I.  flg.  11  h.i).  In  all  cases,  when 
present,  the  red  zone  is  of  the  dark  highly  refractive  red  colour. 

Such  bodies  as  have  just  been  described,  can  only  be  regarded  as 
intermediate  stages  in  the  transformation  of  masses  of  hsemoglobin  into 
masses  of  pigment. 

Many  observers  have  stated  that  pigment,  in  large  quantities,  is 
found  lying  free  in  the  blood  sinuses  of  these  glands,  but  I  am  unable 
to  confirm  this  Statement.  Only  very  small  quantities  have  occasionally 
been  seen  in  a  free  State  in  this  Situation.  The  yellow  pigment  is 
almost  invariably  enclosed  in  large  amoeboid  cells,  while  in  the  sinuses. 
In  some  cases  it  is  present  in  such  quantities  as  to  obscure  the  nucleus 
(pl.  I.  fig.  11  /  and  pl.  T.  flg.  9 ph.  3):  this  may  possibly  account  for 
the  view  of  previous  observers  that  such  pigment  is  free. 

It  is-  very  strikingly  apparent  in  all  my  preparations  that  whereas 
the  pigment  in  the  cells  of  the  sinus  is  usually  finely  granulär,  large 
quantities  are  found  in  the  adenoid  tissue  in  the  neighbourhood  of  the 
sinuses  wliidi  is  of  a  darker  tint.  often  dark  brown.  consequent  lipon 
i,s  colleetion  into  these  larger  masses  (pl,  l.  w»-.  8).   In  this  Situation 
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the  Contents  of  many  broken  down  phagocytes  have  apparantly  run 
together  to  form  large  spherical  aggregations,  often  many  times  the 
size  of  a  phagocyte.    These  are  presumably  free,  thongh  in  the  case 
of  many  of  the  smaller  masses,  a  thin  cell  wall  may  be  observed  sur- 
ronnding  a  globnlar  mass  of  pigment,  and  occasionally  a  nucleus  is 
to  be  seen.    It  is  extremely  likely  in  view  of  these  facts,  that  after 
red  cells  have  been  completely  converted  into  pigment,  either  into 
pigment  masses  of  the  same  size,  or  into  a  nnmber  of  miaute  masses 
or  graniües  of  smaller  size,  that  these  masses  tend  to  run  together, 
owing  to  increased  pressure  in  the  cell,  and  form  larger  masses.  When 
a  phagocyte  has  reached  this  stage  and  is  overloaded  with  pigment, 
it  is  no  longer  serviceable  in  the  sinus  and  wanders  away  to  the  ade- 
noid tissue.    Probably  the  adenoid  tissue  is  reached  through  such 
capillaries  as  are  illustrated  by  fig.  5  c.a,  in  which  phagocytes  over- 
laden with  pigmenl  are  often  lound.  Eeaching  the. adenoid  tissue  the 
piirment  is  liberated,  simultaneoufi  with  the  death  of  the  phagocyte, 
which  «'(»nid  not  jmssibly  be  restored  to  its  original  form.  Tlie  pigment 
Ilms  Herd  runs  together.  into  the  large  masses  already  described,  and 
leaves  the  glands  by  the  smaH  veins  coinmumcatäng  with  the  eapillarics 
just  mentioned. 

Schumacher  described  in  Iiis  firsl  paper  certain  rod  shaped  enclo- 
sures  w  h  Ii  in  tlie  phagocytes,  in  Iiis  last  contribution  he  stated  that 
he  had  not  observed  them  with  such  frequency  after  the  publication 
of  Iiis  ferst  article;  I  have  only  very  occasionally  observed  such  appea- 
ra.ne.es.  The  same  obsei  ver  described  leucocytes  within  the  giant  cells, 
fchough  he  did  not  Lay  much  stress  wo  the  Observation.  In  this  I  am 
able  entirely  to  confirm  him,  and  had  indeed  observed  them  before 
seeing  lüs  paper  (pl.  I.  fig.  H  j).  They  occur  with  considerable  fre- 
pency  in  some  glands,  partimlarly  in  hcevnal  h/mphatic  glands,  and 
it  is  often  possible  to  make  out  stages  in  their  Desintegration  (pl-  I- 
ftg.  11  k).  When  first  seen  they  give  the  phagocyte  the  appearance 
of  possessing  two  nuclei,  but  on  closer  inspection  a  difference  in 
staining  reaction  between  the  two  nuclei  is  noticeable,  the  smaller 
aucleus  closely  resembüng  a  cell  such  as  is  found  in  the  lymphoid 
tissue.  It  is  probable  that  this  form  of  destruction  of  leucocytes  occurs 
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in  certadn  glaads,  especially  those  richly  suppüed  with  lymph,  to  a  far 
largej?  astent  bhan  is  a1  preseni  suspected,  as  the  process  is  mueh  more 
üffiöuH  to  detect  than  erythrodyte  disintegration.  The  process  of 
breaking  down  t he  leucocyte  seems  to  consist  essentially  in  its  Solution; 
fche  aucleus  may  be  split  up,  or  a  giant  cell  may  be  found  containing 
irregulär  bodies,  staining  a  light  blue  tint,  which  are  in  all  probabi- 
lity  the  remains  of  leucocyte  nuclei. 

For  some  time  there  was  difficulty  in  finding  a  phagocyte  con- 
taining no  red  corphscles  or  pigment;  in  other  words  a  young  giant  cell. 
In  many  sections,  however  there  are  to  be  seen  large  clear  "hyaline" 
cells.  the  protoplasm  of  which  stains  a  light  blue  or  violet  with 
luvmalum  (pl.  L  fig.  11  a  and  pl.  I.  fig.  9  l.h.c),  these  cells  are 
usually  of  the  same  size  as  a  phagocyte  and  occasionally  contain  blood 
cells  enclosed  in  vacuoles  (pl.  I.  fig.  11  c).  Mitosis  is  also  frequently 
seen  going  on  in  them  (pl.  I.  fig.  11  b).  The  difference  between  such 
a  cell  and  one  of  those  filled  with  pigment  and  blood  corpuscles  is  so 
striking  that  they  are  easily  mistaken  for  different  varieties  of  cells: 
it  seems  very  probable  that  they  are  phagocytes,  either  newly  deve- 
loped  or  in  an  inactive  condition. 

2.  Glands  in  ivhich  Phagocytosis  occurs. 

Up  to  the  present  time,  the  extent  to  which  phagocytes,  or  giant 
cells  capable  of  destroying  erythrocytes,  are  distributed  throughout  the 
haanolymph  organs  of  vertebrates  has  not  been  fully  realised.  They 
have  been  described  in  the  spieen  by  Kölliker,  as  already  noted;  in 
the  haemal  glands  of  the  rat  by  Vincent  and  Harrison;  in  certain 
lymph  glands  in  miopkeys  by  Schumacher;  and  in  the  haBmal  lymphatic 
glands  of  dogs  by  Drummond.  I  have  not  failecl  to  find  signs  of 
phagocytosis  proceeding  in  the  haimal  or  hwmal  l ijnvphatic  glands  of 
<nn/  Mammal  examined.    In  fche  glands  of  man.  monkey,  ox,  sheep 

')  fresh  preparationß  Schumacher  has  failed  to  observe  actual  phago- 
cytosis proceeding,  though  he  has  noticcd  slow  amceboid  movements  of  the  giant 
cells.  I  have  several  times  watched  phagocytes  on  the  warm  stage,  but.  have 
ncver  seen  the  ingestion  of  red  cells.  I  have  also  placed  ammlw  in  a  highly 
ouate  saline  Solution  containing  erythrocytes  but  never  observed  even  the  ingestion 
of  the  blood  corpuscles  by  the  amoebse. 
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and  horse,  occasional  cells  containing  erythrocytes  occur,  and  also 
soattered  masses  of  pigment.  In  the  hsemal  lymphatic  glands  of  the 
dog,  cat,  ferret,  stoat  and  weasel,  pliagocytes  crammed  with  red  blood 
cells  are  freqnent,  In  the  rabbit  and  rat,  the  process  is  so  active 
tliat  the  sinnses  are  usually  literally  packed  with  phagocytes.  In  the 
pig  and  gninea  pig  thongh  I  cannot  be  certain  of  having  seen  these 
giant  cells,  yet  small  masses  of  pigment  are  occasionally  scattered 
over  the  sections. 

In  birds  the  only  glands  examined  have  been  those  of  the  fowl, 
and  in  these  abundant  signs  of  phagocytosis  have  been  observed. 

The  process  however  is  not  confined  to  these  glands;  it  is  occa- 
sionally found  in  ordinary  lymphatic  glands,  especially  in  those  of  the 
rat  and  rabbit,  less  frequently  in  those  of  the  sheep.  It  is  difficult 
to  iinderstand  how  the  blood  reaches  the  lymph  sinnses  in  ordinary 
lymphatic  glands,  unless  indeed  some  communication  exists  between 
these  Spaces  and  the  blood  capillaries.  In  the  case  of  certain  glands 
in  which  the  blood  vessels  have  been  injected,  the  gelatin  mass  has 
occasionally  been  noticed  in  the  sinnses;  whether  this  is  due  to  such 
a  communication,  or  to  breaking  down  of  the  delicate  capillary  walls, 
I  am  not  prepared  to  say.1) 

3.  Origin  of  Phagocytes. 

Three  views  have  been  held  as  to  the  origin  of  phagocytes  found 
in  hsemolymphatic  structures.  Of  these  the  first  advanced  was  that 
of  Schumacher,  which  supposed  the  phagocyte  to  be  developed  from 
a  reticulum  cell.  This  view,  which  has  lately  been  supported  by 
Weidenreich,  breaks  down  if  the  idea  that  the  reticulum  is  composed 
of  fibrous  tissue  and  not  branched  cells,  is  accepted.  Schumacher 
considered  that  the  reticulum  is  composed  of  branched  ceUs,  and  ad- 
vanced the  following  evidence  in  support  of  the  theory  that  they  give 

origin  to  phagocytes. 

He  stated  that  different  phases  occur  in  the  glands  of  monkeys: 
that  in  one  gland,  great  abundance  of  reticulum  and  few  phagocytes 

i)  Another  explanation,  namely  that  such  glands  are  low  types  of  hiemal 
lymphatic  glands,  might  be  offered. 
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are  present,  while  in  others  little  reticulum  but  numerous  phagocytes 
are  found. 

In  other  glands  he  has  observed  many  phagocytes,  some  spherical, 
others  shewing  clear  branched  processes,  which  were  in  many  cases 
directly  continuons  with  similar  processes  of  reticnlum  cells. 

I  am  nnable  to  entirely  confirm  this  view  of  the  origin  of  phago- 
cytes, for  as  is  now  recognised,  reticulum  consists  of  fibres  and  not  bran- 
ched cells.  Also,  even  if  the  reticulum  were  composed  of  branched  cells, 
the  loss  of  these,  when  they  were  developed  into  phagocytes,  would 
leave  the  adenoid  tissue  almost  entirely  unsupported.  It  is  much  more 
probable  that  the  processes  observed  by  Schumacher  were  those  of 
"endothelium  cells  attached  to  the  reticulum"  and  that  these  cells  give 
origin  to  phagocytes.  The  second  view  has  been  advanced  by  Thome *), 
who  believes  that  endothelium  cells  lining  the  capillaries  are  developed 
into  giant  cells  with  phagocytic  properties.  He  has  observed  certain 
intermediate  forms  between  endothelium  cells  of  the  capillaries  and  pha- 
gocytes. The  third  view  has  been  suggested  by  Drummönd2)  who  be- 
lieves the  cells  are  nothing  more  than  enlarged  leucocytes.  He  has 
found  a  complete  series  of  intermediate  forms  between  ordinary  leuco- 
cytes and  the  hyaline  cells  under  discussion.  In  one  respect  I  am  able 
to  confirm  Drummond,  in  that  certain  of  the  intermediate  forms  he  de- 
scribed  have  been  observed,  such  as  smaller  hyaline  cells,  and  leuco- 
cytes having  more  than  the  usual  amount  of  protoplasm  surrounding 
them.  But  this  is  not  sufficient  evidence  in  support  of  the  theory, 
though  it  is  certainly  somewhat  comparable  to  the  Statement  by  Köl- 
liker8),  that  ordinary  leucocytes  in  the  spieen  grow,  by  feeding  upon  red 
cells,  into  giant  cells  or  phagocytes.  There  is  no  reason  however  why 
this  view  should  be  abandoned,  or  indeed  why  all  three  processes  should 
not  proeeed  side  by  side.  I  am  inclined  to  the  view  that  the  endothelium 
lining  the  reticulum,  capsule,  adenoid  tissue  and  capillaries  is  con- 
tinuous,  and  think  it  highly  probably  that  phagocytes  may  be  develo/inl 
from  any  or  all  of  its  cells.  In  a  hsemal  gland  from  an  ox,  I  have  ob- 
served endothelial  cells,  containing  the  characteristic  pigment,  covering 


')  Loc.  oft.    *)  Loc.  cit.    *)  Loc.  cit. 
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tbe  trabeculae  (pl.  11.  O.g.  15),  and  also  otker  irregulär  cells,  similarl.v 
filled,  in  close  connection  with  reticulum  fibres.  In  one  cell,  drawn  in 
the  figure,  and  which  was  ruore  swollen  than  tlie  remainder,  an  en- 
closed  erytlirocyte  was  observed,  and  this  large  cell  was  continuous  by 
means  of  a  protoplasmic  process  with  tdie  endothelial  lining  of  a  trabe- 
cular  straml.    1t  is  also  certain  that  in  some  glands,  wliere  phagocytes 
are  especially  numerous,  tlie  reticulum  seems  considerably  reduced, 
though  the  actual  reticulum  fibres,  which  often  stain  but  lightly,  are  not 
scarcer,  but  rather  the  endothelium  or  "reticulum  cells"  usually  at- 
tached  to  them  are  absent.    Nothing  has  been  observed  suggesting  the 
origin  of  phagocytes  from  the  endothelium  of  capillaries  but  it  is  pro- 
bable that  endothelial  cells  in  other  situations  are  capable  of  deve- 
loping  into  cells  with  blood  destroying  properties.  The  question  cannot 
be  definitely  settled  until  a  really  good  series  of  intermediate  forms 
between  such  an  endothelium  cell  and  a  phagocyte  has  been  observed. 

In  discussing  the  origin  of  the  cells  under  consideration  Schumacher 
has  described  an  appearan.ce  to  which  he  gives  the  name  "Zwischen- 
gewebe". This  he  found  in  the  sinus,  in  the  neighbourhood  of  the 
capsule,  consisting  of  densely  packed  phagocytes,  which  were  so  closely 
pressed  together  as  to  occasionally  assume  hexagonal  outlines;  in  these 
cells  he  described  the  process  of  mitosis  as  actively  proceeding,  believ- 
ing  such  groups  of  cells  to  be  the  Situation  in  which  the  phagocytes 
of  the  gland,  generally,  have  their  origin.  Structures  somewhat  resembling 
these  appearances  certainly  exist  in  some  of  the  glands  of  the  rat,  but 
by  no  means  frequently,  and  I  am  not  convinced  that  they  represent 
the  only  or  even  the  chief  position  in  which  phagocytes  have  their 
origin. 

4.  Nature  of  the  pigment  found  in  the  glands. 
A  general  misconception  has  arisen  in  regard  to  the  extent  to 
which  the  breaking  down  of  the  blood  pigment  may  proceed  in  hsemo- 
lymph  glands.  It  is  surprising  to  find  the  statement  by  Halliburton1), 
that  the  spieen  cells  do  not  proceed  so  far  as  to  liberate  hamioglobin 
from  the  corpuscles.    If  this  change  does  not  occur,  what  possible 

»)  Essentials  of  Chemical  Physiology.  1899. 
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destructäve  effed  can  the  spieen  have  upon  blond  corpuscles?  The 
argument,  advanced  againsl  the  breaking  down  of  red  eells,  is  that  no 
free  haemoglobin  is  found  in  the  splenic  vein;  this  Statement  may 
or  may  not  be  correct,  but  in  a  small  vein  of  the  spieen,  I  have 
abaerved  quaiitities  of  the  bright  yellotv  jngment,  so  characteristic  of 
blood  destruction. 

In  the  glands  with  which  we  äre  more  particttlarly  concerned  at 
preseat,  pigmenl  is  found  in  abttndance  in  the  sinuses  and  adenoid 
tissue.  varying  in  colottr  from  a  bright  golden  yellow,  to  a  deep  orange 
or  brown.  according  to  the  density  of  its  accmnttlation.  Drttmmond 
and  Warthin  have  both  noticed  the  presence  of  free  iron  in  the  glands, 
though  the  last  observer  haS  given  no  account  of  the  methods  which 
he  employed  in  identifying  it.  Drummond  employed  the  potassittm 
ferrocyanide  and  hydrochloric  aoid  me.thod.  I  have  used  both  this 
method  and  that  of  Macallum,  which  consists  in  soaking  alcohol 
hardened  sections  for  a  few  minutes  in  a  dilute  Solution  (1  in  300) 
of  luematoxylin.  Free  iron  particles  are  stained  an  intense  black. 
Sections  so  treated  show  small  black  granules  similar  to  those  seen 
in  liver  cells,  within  the  phagocytes  and  on  the  borders  of  the  adenoid 
tissue.  It  is  probable  that  much  of  the  hoemoglobin  of  disintegrated 
erytihiTOCytee  is  completely  reduced  to  an  iron  free  pigment. 

There  seems  no  reason  to  doubt  that  the  process  of  blood  destruction 
in  the  spieen  is  identical  with  that  in  lmeniolymph  glands  generally. 

The  problem,  as  to  the  precise  natttre  of  the  pigment.  is  Marder 
t"  solve.  Vincent  and  Samson  considered  it  to  be  some  form  of 
li.-eiiiatin.  As  the  substance  is  embedded  either  in  the  adenoid  tissue 
or  in  the  phagocytes,  microchemical  tests  are  to  large  degree  unsatis- 
Sactory.  In  experiments  on  teased  preparations,  it  has  been  found 
thal  the  pigmenl  is,  to  a  considearable  exten l.  soluble  in  alkalies; 
Solutions  of  siiflicient  eoncentrat ion,  show,  on  speetroscopic  exaniination, 
absorption  in  the  red  and  Riolet,  l»m  no  bands  are  apparent.  Furfeher^ 
in  tnany  eases,  the  addition  of  a  fuming  conoentrated  Solution  of  nitric 
»cid  caused  the  appearance  of  a  £aint  green  colöuration  (Ghnelin's 
test).  1  am  inclined  to  regard  the  pigmenl  as  closely  allied  to  Bilirubin, 
if  not,  identicaJ  with  it.    There  is  qo  reason,  to  doubt  the  capabüity 
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of  the  spieen  and  otlier  haemolymph  glands,  to  so  reduce  hsemoglobin 
to  iron  free  Compounds.  Latschenberger l)  found  that,  twelve  hours 
after  tlie  injection  of  defibrated  blood  subcutaneously,  in  the  liorse, 
the  tissues  contained  a  substance  in  flakes  varying  in  colour  from 
dar  Je  orange  to  bright  yettow ,  composed  of  small  spherical  masses, 
about  a  quarter  the  size  of  red  corpuscles,  which  gave  Omelind  reaction 
readily.  It  is  highly  probable  that  the  pigment  present  in  lnemo- 
lymph  glands  is  identical  with  that  found  by  Latschenberger. 

o.  Relative  degree  of  activity,  as  regards  Phagocytosis,  of  the  spieen 

and  haimal  glands  of  the  rat. 

The  hsemal  glands  of  certain  animals  are  so  conspicuous,  that  a 
comparison  of  their  united  weight,  with  that  of  the  spieen  and  that  of 
the  whole  body,  is  of  interest. 

I  was  at  first  inclined  to  regard  the  function  of  hsemal  glands 
as  subsidiary  to  that  of  the  spieen,  but  after  an  examination  of 
numerous  sections  of  the  latter  organ,  I  believe  that  the  process  of 
blood  destruction  occurs  in  the  hsemal  glands,  of  the  rat  at  all  events, 
to  an  extent  exceeding  the  similar  process  in  the  spieen.  Vincent  and 
Harrison  noticed  the  similarity,  between  the  process  occuring  in  the 
two  varieties  of  organ;  they  are  more  than  similar,  they  are  identical, 
and  the  above  description  of  the  phenomena  of  phagocytosis  will 
apply  equally  to  the  spieen  or  hsemal  glands. 

Whereas  only  a  few  scattered  phagocytes  are  found  in  the  spieen, 
these  cells  form  the  most  conspicuous  cells  in  the  hcemal  glands  of  the 
rat,  and  I  am  of  opinion,  although  estimates  of  this  kind  can  naturally 
be  but  approximate,  that  blood  destruction  proceeds,  to  a  far  larger 
extent,  in  a  Single  haemal  gland  in  the  rat  than  in  the  entire  spieen. 
When  it  is  considered  that  often  as  many  as  10—15  such  glands 
may  be  found  in  a  rat,  the  extreme  importance  of  these  glands,  as 
destroyers  of  blood,  can  no  longer  be  doubted. 

The  following  is  the  result  of  a  number  of  estimations  of  the  weight 
of  the  hsemal  glands,  compared  with  that  of  the  spieen  and  body  weight: 

')  Monatsh.  f.  Chem.  Wien  1888.  Bd.  IX.  S.  52;  Sitzungsber.  d.  k.  Akad.  d. 
Wissensch.  Wien  1888.  Bd.  XLVII.  Abt.  2b.  S.  15. 
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Average  weight  of  body  ....  185  grammes, 
Average  weight  of  spieen    .    .    .     0,702  grammes, 
Average  weight  of  glands    .    .    .     0,081  grammes. 
These  resiüts  apply  to  the  tarne  rat  only,  the  weight  of  the  glands 
in  the  wild  rat  is  very  much  increased'  proportionately,  even  as  much 
as  three  or  fonr  times. 

I  have  been  unable  to  find  any  relation  between  the  total  weight 
of  the  glands  and  that  of  the  spieen  in  different  rats.  For  example 
in  the  case  of  an  abnormally  small  spieen,  the  hsemal  glands  showed 
no  signs  of  enlargement,  as  would  certainly  be  expected  if  the  function 
of  hsemal  glands  was  subsidiary  to  that  of  the  spieen.  The  evidence 
given  by  the  experiments  of  Vincent  [17c]  is  in  accordance  with  these 
observations:  in  a  number  of  Splenectomy  experiments  lipon  dogs,  he 
was  unable  to  dedect  any  hypertrophy  of  the  hsemal  lymphatic  glands, 
even  after  a  period  of  eighteen  months;  nor  was  there  any  appreciably 
increased  phagocytosis  apparent  in  any  of  these  glands. 

XI.  Function  of  the  haemolymph  organs. 

The  result  of  the  present  investigation  has  been  to  further  con- 
firm  the  view  as  to  the  blood  destroying  powers  of  hsemolymph  glands, 
and  to  show  that  the  process  is  more  widespread  than  has  as  yet 
been  suspected.  It  has  also  resulted  in  the  conclusion  that  the  pro- 
cesses  are  identical  in  the  spieen,  hsemal,  hsemal  lymphatic  and  lym- 
phatic glands.1) 

Another  undoubted  function  of  all  the  members  of  the  series,  is 
the  elaboration  of  white  corpuscles.  This  process  proceeds  in  the  germ 
centres,  in  which  stages  of  active  karyokinetic  division  may  be 
frequently  observed.  Mitosis  also  occurs  in  the  general  lymphoid  tissue, 
where  nuclear  figures  are  often  seen. 

The  glands  have  a  further  minor  function,  namely  the  destruction 
of  leucocytes.  This  occurs  by  phagocytosis  in  many  glands,  but  par- 
ticularly  in  those  organs  which  are  abundantly  supplied  by  lymph. 
Disintegration  also  takes  place  in  anotlier  form.  Schumacher  has  ob- 

')  If  such  processes  take  place  in  lymphatic  glands,  which  is  extremely 
doubtfnl. 
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served  masses,  having  a  homogenous  structure,  in  the  lymplioid  tissue, 
in  which  he  considers  such  degeneration  is  probable,  believing  that 
it  takes  place  in  a  manner  similar  to  that  occuring  in  connective 
tissue. 

Warthin  has  suggested  a  fourth  function,  the  elaboration  of  red 
cells.  The  appearances  described  have  been  noticed  in  the  case  of 
the  spieen  only.  The  function  may  be  as  he  suggests  pathological, 
or  peculiar  to  the  glands  of  the  human  subject. 

A  cyclic  function  has  been  attributed  to  the  haemal  glands  by 
several  observers;  the  view  has  been  based  on  the  fact  that  different 
appearances  have  been  noticed  at  different  times  in  glands  taken  from 
the  same  positions,  giving  an  indication  of  different  phases  of  activity. 
Such  changes  are  particularly  noticeable  in  the  glands  of  the  rat, 
though  they  also  occur  to  a  minor  extent  in  many  other  animals. 
The  glands,  in  the  rat,  possess  a  very  thin  transparent  capsule,  con- 
sequently  the  nature  of  the  contents  of  the  sinuses  may  be  judged  by 
external  appearances:  thus  they  are  sometimes  brown,  sometimes  red. 
Sections  of  such  glands  show,  in  the  first  case,  the  sinuses  filled  with 
phagocytes  containing  pigment;  little  or  no  blood  is  present,  and  the 
reticulum  is  indistinct  (probably  owing  to  the  liberation  of  endothelial 
cells).  In  the  second  case,  the  sinuses  are  seen  to  be  filled  with  blood, 
only  a  few  phagocytes  are  present  and  the  reticulum  is  conspicuous. 
Intermediate  stages  are  found,  the  glands  having  to  the  naked  eye 
a  mottled  red  and  brown  appearance  while  in  sections  the  sinuses 
are  observed  to  contain  a  number  of  phagocytes  and  red  blood  cor- 
puscles. 

These  appearances  would  seem  to  be  due  to  the  setting  free  of 
a  number  of  phagocytes  "en  massa",  into  a  blood-filled  sinus.  These 
cells  rapidly  ingest  the  bulk  of  the  erythrocytes  present  and  convert 
them  into  pigment,  The  pigment  is  set  free  in  the  adenoid  tissue 
and  is  found  in  this  Situation  in  large  quantities,  especially  in  those 
glands  which  have  their  sinuses  filled  with  blood.  The  wandering  of 
the  phagocytes  to  the  adenoid  tissue  would  leave  the  sinuses  empty, 
and  this  may  account  for  the  "collapsed"  glands  occasionally  met  with. 
Presumably  the  collapsed  gland  is  once  more  distended  with  blood, 
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and  the  pemadnmg  endotheliuin  eells  again  proliferate,  lib&rating  ä  m  w 
batch  of  phagocytes,  with  the  ooiameneem«nt  of  a  new  cycle, 

As  feo  Öse  lengtih  of  the  various  phases  oj  such  a  cycle,  nothing 
is  iletinitely  known,  but  it  is  probable  (hat  the  stage  m  whmh  pigmerit 
abonnds  in  the  sinuses  is  of  longer  duration  thata  that  in  wliich  they 
are  Hlled  with  blood.  The  following  statistics  seem  to  indicate  that 
this  tiist  stage  is  approximately  double  the  length  of  the  second. 


Experimental  work  in  this  direction  might  be  done  with  advantage. 
For  instance  a  living  rat  might  be  opened  from  time  to  time  and  the 
colour  of  the  organs  noticed.  Such  an  experiment  would  be  interesting 
as  furnishing  evidence  of  the  time  taken  by  a  phagocyte  to  destroy 
a  blood  cell. 

If  the  above  appearances  may  be  construed  as  indicating  a  cyclic 
function  of  the  organs  it  is  probable  that  they  occur  throughout  all 
the  glands  of  the  body  simultaneously,  as  it  is  usually  found,  that  if 
one  of  the  organs  has  a  brown  colour,  the  remainder  will  also  have 
the  same  tint. 


The  development  of  the  lnemal  glands  has  as  yet  received  little 
attention.  So  far  as  I  know  no  work  has  been  done  in  this  direction, 
and  a  discussiön  without  such  investigation  is  of  little  value.  Vincent 
and  Samson1)  considered  that  they  were  modified  lymphatic  glands. 
and  probably  dcveliiped  from  these.  Prummond2)  differed  from  these 
obsprvt'i's  oh  two  grounds;  first  that  hsema]  glands  hate  not  the  same 
(listril)iif ion  as  miliimrv  lympliatic  gländs;  and  secondly  that  they  are 
s,,,*»>  a  Himpiifiilivcly  carly  stage  in  the  embryo.  He  describes 
the  developmenl  of  the  lymphatic  System  and  the  adenoid  tissue  of 
lyntphatic  glands,  and  cönside'r's  ttiat  in  the  earliest  stagestble  development 

"I'  the  liaanal  glands  may  run  parallel  to  tlial  of  the  (nie  lymphatic 


No.  of  rats  examined  .... 

„  brown  renal  glands  found 
„    „  red  renal  glands  found  . 
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')  Loc.  cit.  —  2)  Loc.  cit. 
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glands.    He  has  fouiid  typical  haemal  glands  in  a  foetal  calf  measuring 
9  inches,  which  were  in  diameter  from  •  5  to  •  75  mm. 

As  to  the  first  objection  brought  forward  against  the  view  that 
they  are  developed  from  ordinary  lymphatic  glands,  I  cannot  agree 
with  Drummond  in  bis  opinion  that  haemal  glands  have  not  a  very 
similar  distribution  to  ordinary  lymphatic  glands.  In  the  Ungulata 
the  two  varieties  are  found  together  in  all  situations  within  the 
body  and  ehest  cavities.  In  rats  the  general  arrangement  is  cer- 
tainly  very  constant,  but  so  also  is  the  distribution  of  ordinary 
lymphatic  glands.  Further,  in  the  only  case  in  which  I  have  ob- 
served  a  renal  haemal  gland  absent  in  the  rat,  it  was  replaced  by  a 
lymphatic  gland. 

In  a  human  feetus  5  months  old,  I  have  found  two  small  renal 
glands,  which  were  undoubtedly  haemal  glands,  though  too  macerated 
for  histological  examination.  It  has  also  been  noticed,  that  in  rats, 
the  older  the  rat,  the  more  characteristic  is  the  gland:  in  the  youngest 
rats,  glands  containing  but  a  very  small  proportion  of  sinus  occur,  and 
in  still  younger  ones,  or  in  einbryos  before  birth,  struetures  containing 
no  blood  sinuses  are  often  present.  In  this  animal  the  sinuses  seem 
to  appear  and  develope  as  the  animal  grows.1) 

There  is  no  direct  evidence  that  haemal  glands  are  developed  in 
the  individual  from  ordinary  lymphatic  glands,  though  we  may  con- 
ceive  of  their  having  been  phylogenetically  so  derived. 

XIII.  On  the  structural  inter-relationship  of  the  various 
members  of  the  hsemolymph  series. 

It  is  necessary,  before  entering  upon  a  comparison  of  the  different 
members  of  the  hamiolymph  series,  that  a  short  description  should 
be  given  of  the  strueture  of  the  spieen,  as  it  has  been  interpreted 
after  the  examination  of  a  number  of  speeimens.  The  previous  lite- 
rature  on  the  subject  is  so  extensive,  that  it  cannot  here  be  fully 
considered.    It  is  only  essential  to  briefly  summarize  the  aecounts 

')  In  a  pup,  less  than  one  week  old,  recently  examined,  very  numerous 
glands  were  found.  They  were  present  in  larger  numbers  than  in  the  adult,  and 
their  sinuses  appeared  larger.    They  have  not  yet  been  histologically  examined. 
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of  three  recent  observers,  cLealing  chiefly  with  those  points  having 
the  closest  bearing  upon  the  present  subject. 

Tu  many  text  books,  as  in  that  of  Böhm  und  Davidoff1),  it  is 
stated  that  the  vascular  System  of  the  spieen  is  open;  that  is  to  say, 
that  many  small  capillaries  open  directly  into  what  is  termed  the 
"spieen  pulp",  and  that  veins  commencing  in  a  similar  fashion,  by 
direct  continuity  with  the  inferior  of  the  pulp  Spaces,  form  the  Channel 
by  which  the  blood  is  drained  away. 

Kölliker  [9&],  after  a  number  of  experiments,  in  which  he  made 
careful  injections  of  the  arteries  and  veins,  under  different  pressures, 
concludes  that  the  vascular  System  is  closed,  or  in  other  words  that 
the  blood  never  leaves  the  vascular  Channels.  He  believes,  that  in- 
jections passing  into  the  pulp  space,  are  extravasations,  for  delicate 
injections  do  not  enter  the  spieen  pulp,  which  consists  of  a  string 
like  arrangement,  filling  up  the  Spaces  between  the  blood  vessels,  the 
veins  in  particular. 

Weidenreich  [/.9  a]  believes  in  both  open  and  closed  Systems, 
occmring  side  by  side;  that  there  is  an  arterial  supply  directly  con- 
tinuous  with  a  venous  supply  by  capillaries;  while  there  are  in  addi- 
tion  arteries  and  veins,  which  have  direct  communication  with  the 
spieen  pulp.2) 

My  investigations  lead  me  to  a  view  hardly  agreeing  with  any 
of  those  above  quoted.  In  the  first  place  the  Malpighian  corpuscles 
of  the  spieen  may  in  many  cases  be  seen  to  be  enclosed  in  a  very 
definite  endothelium  (pl.  II.  flg.  16),  which  in  all  its  features  resembles 
that  covering  the  adenoid  tissue  of  a  hasmal  gland.  The  spieen  pulp 
may  be  regarded  simply  as  a  large  sinus,  traversed  by  an  exceedingly 
dense  reticulum  and  by  many  trabeculae,  which  conduct  the  blood  vessels 
through  it.  It  is  true  that  small  capillaries  open  into  the  spieen 
pulp,  or  rather  into  this  sinus,  and  that  small  veins  conduct  the  blood 
directly  away  from  it.    The  reticulum  of  the  spieen  is  composed,  as 


')  Loc.  cit. 

")  Weidenreich  also  refers  to  the  homology  hetween  the  spieen  pulp  and  the 
sinus  of  a  "haemolymph"  gland.  This  has  been  noticed  by  several  previous  ob- 
servers. 
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in  the  ras«'  öf  luemal  glands  g-enerally,  of  a.  librous  meshwork,  (med 
throughout  by  a  definite  endothelium,  ivhich  forma  a  layer  more  or 
less  contmuous  ivith  the  endotheüum  covering  the  Malpighian  cor- 
puschs.    TMS  arrangement  is  such  that  when  the  blood  leaves  the 
capillaries  or  small  arteries  entering  the  spieen  pulp,  it  passes  into 
spaces  lined,  hy  endothelium,  which  together  form  a  largc  sinus  in 
every  wag  comparable  to  that  of  the  typical  hmmal  glands  of  the  sheep 
or  ox,  although  in  the  spieen  the  reticulum  is  denser.    The  endo- 
thelium of  the  small  arteries  and  veMs  entering  or  leaviug  the  spieen 
is  continuous  with  the  endothelium  oJ  the  reticulum.  though  the  cells 
of  the  Latter  are  to  a  great  extent  modified  to  suit  their  surrouudiugs. 
The  application  of  an  endothelial  cell  to  an  irregulär  fibrous  struc- 
ture.  such  as  reticulum.  must  necessarüy  distort  it  considerably,  and 
w  hen  sections  are  takeu  through  such  au  eud othelial-lined  reticulum, 
it  may  offen  apprar  to  be  composed  of  irregulär  or  branched  cells. 
The  blood  stream  consequently  remaius  in  closed  Spaces,  and  has  little 
or  no  contact  with  adenoid  tissue  or  reticulum,  except  in  the  case 
of  the  absence  of  an  endothelial  cell,  which  may  in  many  cases  be 
due  to  its  having  assumed  phagocytic  functions. 

As  regards  the  hiter-rehitimiships  of  the  different  glands  uuder 
discussion,  the  general  arrangement  of  the  adenoid  tissue  and  siuus 
It.rms  the  first  poiut  of  consideration.    Adenoid  tissue  exists  in  each 
individual  of  the  luemolymph  series,  from  the  lymphatic  gland  to  the 
spieen,  but  it  is  more  abuudaut  in  the  furnier  and  least  in  the  latter 
(pl.  IL  fig.  17—20).    In  the  lymphatic  glands  almost  the  entire  organ 
is  made  up  of  this  tissue,  broken  up  considerably  by  the  comparatively 
small  lymphatic  sinuses  Avhich  pervade  it  (pl.  I.  flg.  4  and  pl.  11- 
fig.  17).  In  the  luemal  lymphatic  gland  (pl.  I.  fig.  3  and  pl.  II.  fig.  18), 
•there  is  always  a  large  sinus,  usually  centrally  placed.  There  are  m 
addition  peripheral  sinuses  connected  with  the  central  sinus  by  uumerous 
smaller  blood -lymph  Spaces,  which  are  extremely  subdivided.    Iu  the 
luemal  gland  of  the  sheep  the  peripheral  sinus  occupies  more  than 
half  the  area  of  section,  and  has  smaller  sinuses  in  connection  with  it 
(pl.  I.  fig.  2  and  pl.  IL  fig.  19).  In  the  spieen  (pl.  I.  fig.  1  and  pl.  II.  fig.  20), 
the  sinus  forms  the  chief  pari  of  the  gland;  and  the  Malpighian  <  <n  - 
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puscles  are  the  sole  representations  of  the  lymphoid  masses  of  other 
members  of  the  series,  which  elaborate  white  corpuscles.  Further- 
more,  in  such  masses  large  arteries  usually  exist;  thus  they  are  found 
in  the  lymphoid  masses  of  lymphatic  and  hfemal  lymphatic  glands;  in 
the  hsemal  gland  they  occur  in  Strands  of  adenoid  tissue  in  every 
way  comparable  to  the  spherical  Malpighian  corpuscles  of  the  spieen, 
which  are  almost  always  found  to  contain  small  blood  vessels  cours- 
ing through  them. 

Endothelium  and  reticulum  are  common  to  all  the  organs  and 
have  an  identical  arrangement  in  each.  The  reticulum  and  trabeculae 
become  more  numerous  as  one  ascends  the  series  to  the  spieen,  in 
which  they  are  particularly  dense.  This  is  but  natural,  as  one  of 
the  chief  functions  of  reticulum  and  trabeculae  is  their  supporting 
property,  for  they  hold  the  lymphoid  tissue  in  place  in  the  centre 
of  the  sinuses;  accordingly  they  are  most  plentiful  in  the  organ  having 
the  widest  sinus. 

Further  points  of  resemblance  between  the  members  of  the  series 
are  found  in  their  functions.  It  is  probable  that  in  almost  all  blood 
destruction  and  elaboration  of  white  cells  proceeds. 

•  The  chief  differences  of  importance  between  the  various  lnemo- 
lymph  glands,  lie  in  their  vascular  and  lymphatic  supply.  This  has 
already  been  referred  to  in  previeus  paragraphs  as  depending  on  the 
relative  quantities  of  the  fluids,  blood  or  lymph,  supplied  to  the  organs. 
Thus  whereas  the  lymphatic  ducts  to  the  spieen  (pl.  II.  hg.  20)  are 
probably  confined  to  the  walls  of  the  blood  vessels  and  the  Malpighian 
corpuscles,  blood  enters  freely  into  the  sinus  (spieen  pulp).  On  the 
other  hand  the  vascular  supply  of  lymphatic  glands  is  comparatively 
sn i  all  (pl.  IL  fig.  17)  and  it  is  not  yet  ascertained  that  there  is  any 
communication  between  this  blood  supply  and  the  lymphatic  sinuses, 
which  are  in  connection  with  large  lymph  vessels.  Between  these 
extremes  intermediate  forms  are  found  including  the  hsemal  lymphatic 
gland  which  has  an  abundant  blood  and  lymph  supply. 

From  tliis  account  it  will  be  seen  that  a  COmplete  series  of 

hsemolymph  organs  exists,  which  may  be  classified  in  the  Order: 

spieen,  hcernal  gland,  hcemäl  lymphatic  gland,  and  lymphatic  gland. 
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XIV.  Summary  of  Chief  Conclusions. 
The  following  points  are  either  new,  or  have  not  yet  been  suf- 
ficiently  emphasised  by  previous  observers. 

1.  It  is  probable  tliat  in  addition  to  the  spieen,  glands  which 
may  be  placed  in  the  category  of  "hamal"  or  "kamal  lymphatic"  are 
universally  present  in  Mammalia.  Comparable  structures  occur  also 
in  Aves  and  Pisces.  In  Mammalia  there  is  a  definite  distribntion  of 
the  different  varieties  of  hsemolymph  glands  throughont  the  several 
natural  Orders  examined.  Thus  typical  hsemal  glands  appear  to  be 
restricted  to  the  Primates  and  Ungulata,  while  in  Carnivora  hsemal 
lymphatic  glands  only  are  present. 

2.  The  hsemal  and  hsemal  lymphatic  glands  are  distributed  with 
considerable  degree  of  constancy  in  three  main  groups,  renal,  splenic 

and  subvertebral. 

3.  The  blood  or  blood  lymph  spaces  of  these  glands  are  traversed 
by  a  fibrous  reticulum,  forming  a  network  of  spaces  lined  by  cells 
commonly  called  "reticulum  cells",  which  form  a  continuous  layer  with 
the  typical  endothelial  cells  bounding  the  sinus,  and  lining  the  vessels 
entering  or  leaving  it. 

4.  In  the  modified  hsemal  glands  of  the  rat,  small  arteries  open 
directly  into  the  sinuses,  while  veins  proeeed  from  the  sinuses  and 
appear  to  have  direct  communication  with  them,  being  strongly  guar- 
ded  by  valves. 

5.  The  glands  in  the  rat  and  dog  have  been  observed  to  have 
an  abundant  nervous  supply  from  the  sympathetic.  Stimulation  of 
the  nerves,  or  gland  itself,  causes  slight  but  definite  paling  of  the 
organ,  and  a  diminution  in  size. 

6.  In  the  hcemal  lymphatic  glands,  the  blood  and  lymph  streams 
meet,  and  to  a  great  extent  mix.1) 

7.  Hcemal  glands,  inclusive  of  spieen,  and  hsemal  lymphatic  glands 
are  centres  for  the  destruetion  of  the  blood  elements  both  red  and 

*)  This  may  aecount  for  the  abundant  presence  of  blood  in  the  lymph, 
flowing  from  the  thoracic  duet,  in  cases  where  the  inferior  vena  cava  has  been 
clamped  with  the  object  of  raising  the  blood  pressure  in  the  abdominal  capil- 
laries.    (Starling,  Schäfer's  Text  Book  of  Physiology.  1901.) 
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whiif.  Glands  falling  under  the  heading  of  ordinary  lymphatic  glands 
may  have  the  same  function  to  a  slight  degree.  This  takes  place 
by  a  process  of  phagocytosis,  identical  in  all.  The  process  as  ap- 
plied to  an  erythrocyte  is  briefly  as  follows:  A  red  cell  is  ingested 
by  a  phagocyte,  and  the  cell  Contents  are  first  liberated:  the  globular 
mass  of  hsemogloblin  is  transformed  into  granules  of  bright  yellow  pig- 
ment,  by  a  gradual  process,  extending  from  the  periphery  to  the  centre 
of  the  globiüe.  The  final  product  appears  to  be  a  substance  allied  to 
bilirubin,  and  is  liberated  in  the  adenoid  tissue. 

8.  In  the  rat  the  lower  members  of  the  lnemolymph  series  are, 
in  proportion  to  their  size  (if  not  absolntely),  more  important  as 
destroyers  of  erythrocytes,  than  the  spieen. 

9.  The  phagocytes  are  probably  derived  from  any  of  the  endo- 
thelial cells  attached  to  the  wall  of  the  sinus  or  meshes  of  the 
reticulum.  It  is  not  impossible  that  still  others  may  be  transformed 
varieties  of  lencocytes. 

10.  The  hsemolymph  glands  form  stmcturally  an  almost  unbroken 
series  of  Organs,  the  simplest  or  least  differentiated  being  the  ordinary 
lymphatic  glands,  while  the  most  highly  differentiated  is  the  spieen. 
Between  these  extremes  are  found  structures  of  every  possible  graduation, 
inclnding  hcemal  lymphatic  glands,  haimal  glands,  and  accessory  spleens. 
The  spieen  pnlp  is  not  only  homologous  with  the  sinus  of  the  lower 
members  of  the  series,  but  stmcturally  is  almost  identical  with  it. 

This  sinus  is  marked  off  from  the  adenoid  tissue  represented  by 
the  Malpighian  corpuscles,  by  a  definite  endothelium,  in  every  way 
comparable  to  that  found  in  typical  hcemal  glands. 
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XVI.  Explanation  of  Plates  I,  II. 


The  following  abbreviations  apply  to  all  plates  in  which  they  occur. 


a 

artery! 

1 

lymphoid  tissue. 

b.c 

blood  cell. 

leu 

leucocyte. 

b.s 

blood  sinus. 

ph 

pliagocyte. 

b.s.c 

central  blood  sinus. 

p.m 

pigment  mass. 

b.s.p 

peripheral  blood  sinus. 

r 

reticulum. 

c 

capsule. 

r.c 

reticulum  cell. 

e.c 

endothelium  cell. 

s.l 

Strand  of  lymphoid  tissue. 

9C 

germ  centre. 

tri) 

trabecnla. 

i.m  f 

involuntaiy  muscle  fibre. 

V 

vein. 

Fig.  1.  Portion  of  a  section  of  spieen  (as  seen  under  a  magnification  of  50  dia- 
meters).  m.c.a  Malpighian  corpuscles  containing  artery;  m.c.g  Malpighian 
corpuscles  containing  germ  centre;  spl.p  Spleen  pulp.    (Reduced  to  */,.) 

Fig.  2.  Section  of  typical  hamial  gland  (as  seen  under  a  magnification  of  45  dia- 
meters).  The  sinus  contains  blood  cells  in  abundance  and  a  few  scat- 
tered  leucocytes.    (Reduced  to  */a-) 

Fig.  3.  Section  of  a  portion  of  Dog's  hsemal  lympbatic  gland  (as  seen  under  a 
magnification  of  105  diameters).  s.s  small  sinus.  All  sinuses  contain  a 
mixture  of  blood  and  lympb.    (Reduced  to 

Fig.  4.  Portion  of  section  of  lymphatic  gland  of  pig  (as  seen  under  a  magni- 
fication of  50  diameters).  The  sinuses  contain  lymph  corpuscles  only. 
(Reduced  to 

Fig.  5.  Section  passing  through  the  sinus  of  a  haemal  gland  of  the  rat,  stained 
haemulum  and  eosin  (as  seen  under  magnification  of  250  diameters). 
Showing  a  vein  leading  directly  from  the  sinus  and  other  vessels  being 
conducted  by  lymphoid  Strands  to  the  general  mass  of  adenoid  tissue. 
ca  capillary;  e.c.c  endothelium  cell  of  capillary,  continuous  with  cell  of 
adjoining  sinus;  f  fat  cell;1)  t.a.a  tunica  adventitia  of  vein,  continuous 
with  capsule. 

Fig.  6.     A  germ  centre  from  a  sheep's  gland,  stained  Heidenhain's  iron  hsematox. 

and  eosin  (as  seen  under  a  magnification  of  1000  diameters).  cm  cell 
undergoing  karyokinetic  division;  l.t  general  mass  of  lymphoid  tissue. 

l)  The  fat  surrounding  these  glands  is  in  the  rat  not  of  the  ordinary  variety. 
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Fig.  7.  General  dissection  of  h<emal  glands  in  a  rat,  showing  the  vascular  and 
nervous  supply.  On  the  right  of  the  figure,  near  the  anterior  end  of  the 
kidney,  is-  the  "renal  group"  of  glands,  3  glands  are  present.  On  the 
left  of  the  aorta  the  spieen  and  stomach  are  thrown  over  to  expose  the 
Omentum  slinging  them,  and  4  glands  contained  in  it.  ao  aorta;  c  cae- 
cum;  h  kidney;  r.ij  renal  gland;  s.c  suprarenal;  s.g  splenic  gland; 
sp  spieen;  st  stomach;  ur  ureter;  v.c  vena  cava.  In  front  of  the  aorta 
and  venu  c  ava  lies  the  aortic  nerve  plexus  and  its  branches.  The  splenic 
and  renal  vessels  and  branches  are  in  v,iew.  Small  twigs  run  to  the 
glands.    (Reduced  to  2/3.) 

Fig.  8.  Vertical  section  of  hoemal  gland  of  rat,  stained  hremalum  and  eosin  (as 
seen.  under  a  magnification  of  105  diameters).  The  gland  is  cnt  at  right 
angles  to  the  numerous  Strands  of  lymphoid  tissue  issuing  from  the 
general  mass.  The  section  iüustrates  the  general  arrangement  of  the 
lymphoid  tissue  and  sinuses,  which  are  filled  with  blood  and  phagocytes. 
Masses  of  brown  pigment  occur  in  the  adenoid  tissue.    (Reduced  to  2/3.) 

Fig.  9.     Small  portion  of  last  (as  seen  ander  a  magnification  of  1000  diameters). 

e.c.c  endothelium  cell  lining  capillary;')  l.h.c  large  hyaline  cell;  ph1  Pha- 
gocyte  containing  two  spherical  masses  of  hsemoglobin ;  ph2  Same  as  ph1 
with  erythrocyte  also;  ph3  Phagocyte  füll  of  pigment. 

Fig.  10.  Section  of  head  kidney  of  Cyclopterus  lumpus  stained  saffranin  and  light 
green'2)  (as  seen  under  a  magnification  of  330  diameters). 

Fig.  11.  Series  of  sketches  of  phagocytes,  illustrating  the  process  of  blood  de- 
struction  (as  seen  under  a  magnification  of  2000  diameters).  Stained 
hsemalum  and  eosin.  a)  Large  hyaline  cell;  b)  similar  cell  dividing; 
C)  a  cell  containing  an  ingested  blood  cell  which  lies  in  a  vacuole; 
d)  phagocyte  containing  a  number  of  unchanged  red  cells  (this  was  taken 
from  a  section  stained  in  bulk  in  Ehrlich  and  eosin;  e)  and  f)  phago- 
cytes containing  red  cells  and  globules  of  pigment  of  various  size; 
<j)  phagocyte  containing  spherical  masses  of  deeply  stained  hsemoglobin; 
h)  another  containing  a  small  mass  of  pigment  and  in  the  top  left  hand 
corner  a  yellow  pigment  mass  tinged  red;  i)  phagocyte  containig  two 
nuclei,  a  mass  of  pigment  tinged  with  red.  In  addition  a  body  with  red 
zone  in  centre  and  yellow  zone  surrounding  it;  black  specks  appear  bet- 
ween  the  two  layers;  j)  phagocyte  containing  two  red  cells,  a  mass  of 
lia  moglobin  und  a  leucocyte,  also  pigment;  k)  cell  containing  large  mass 
of  yellow  pigment,  and  the  remains  of  a  leucocyte.  Beneath  the  nucleus 
is  one  of  the  bodies  seen  in  *);  /)  cell  containing  pigment;  nucleus  not 
apparent.    (Reduced  to  Va-) 

Fig.  12.  Section  of  gland  of  rat,  arteries  injected  (as  seen  under  a  magnification 
of  105  diameters).  The  right  half  of  the  figure  shows  the  sinus  füll  of 
injection,  the  left  half  is  dotted  blue  to  represent  lymphoid  tissue. 
c  capillary;  «'  artery  in  strand  of  lymphoid  tissue;  aa  artery  entering 
hilum;  f  fat  with  blood  vessels  injected.    (Reduced  to  1/9.) 


')  These  cells  should  resemble  those  lining  the  sinus,  much  more  closely. 
2)  The  saffranin  does  not  show  well  in  this  sketch,  as  the  colour  was  washed 
over  pencil. 
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Fig  13.  Section  of  gland  of  rat.  Veins  injected  (as  seen  under  a  magnification 
of  105  diameters).  Lymphoid  tissue  dotted  vlue,  sinuses  white,  a  certain 
amount  of  injection  has  passed  into  the  sinus  in  three  places.  (Reduced 

to  %■) 

Fig.  14.  Silver  nitrate  preparation  of  inner  wall  of  capsule  (as  seen  under  a 
magnification  of  600  diameters).  Showing  Strands  of  white  fibrous  tis- 
sue  and  endothelium,  near  the  hiluni  of  the  gland.    (Reduced  to  '/a-) 

Fig.  15.  Sketch  of  trabecula  from  a  haimal  gland  of  the  ox  (as  seen  under  a 
magnification  of  600  diameters).  Showing  endothelium  cells  e1,  and  re- 
ticulum  cells  r.c  containing  pigment;  e2  is  a  cell  containing  an  ery- 
throcyte. 

Fig.  16.  Section  of  spieen  (as  seen  under  a  magnification  of  600  diameters)  to 
show  arrangement  of  reticulum  and  endothelium  in  the  neighbourhood 
of  a  Malpighian  body,  seen  on  the  right  half  of  the  figure.  leu.m  leuco- 
cyte  in  Malpighian  body;  leu.s  leucocyte  in  sinus. 

Fig.  17.  Diagram  of  a  lymphatic  gland  to  show  arrangement  of  adenoid  tissue 
and  sinuses,  the  latter  filled  with  leucocytes,  coloured  blue,  quite  dia- 
gramatically :  running  towards  the  gland  are  diagramatic  vessels.  A.L  Af- 
ferent lymphatic;  E.L  Efferent  lymphatic;  A.B  Afferent  blood  vessel; 
E.B  Efferent  blood  vessel.  There  is  a  large  lymph  supply,  but  the  blood 
supply  is  small. 

Fig.  18.  Diagram  of  a  ha;mal  lymphatic  gland,  the  lettering  is  the  same  as  in  17, 
showing  general  arrangement  of  tissues  and  the  breaking  up  of  the 
lymphoid  tissue,  also  the  large  blood  and  lymph  supply:  the  red  dotting 
represents  blood. 

Fig.  19.  Diagram  of  a  haemal  gland,  showing  preponderance  of  sinus;  the  lymphoid 
tissue  diminished  and  broken  up.  The  sinus  is  filled  with  blood,  only 
one  or  two  leucocytes  are  represented:  the  lymph  supply  as  indicated 
by  the  diagramatic  vessels  is  very  small,  while  the  blood  supply  is  large: 
the  reticulum  is  denser  than  in  18.    Lettering  as  before. 

Fig.  20.  Diagram  of  spieen,  showing  remains  of  lymphoid  tissue  in  form  of 
Malpighian  corpuscles;  the  sinus,  or  "spieen  pulp"  is  füll  of  blood;  the 
lymphatic  vessels  entering  the  gland  are  small,  the  bloodvessels  large: 
the  reticulum  and  trabeculae  are  very  strong:  lettering  as  before. 
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